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ABSTRACT 
Rolled biscuits were prepared with O, 14, 28, and 42% 
wheat bran substituted for flour and O, 20, 40, and 60% 
polydextrose substituted for hydrogenated shortening. 
Effects on physical and sensory characteristics of biscuits 
containing 16 combinations were determined with response 
surface methodology. Wheat bran decreased volume and 
produced harder, gununier, and chewier biscuits. Panelists 
indicated crumblier, drier, and chewier biscuits as bran 
level increased. Unlike wheat bran, polydextrose increased 
volume and decreased hardness. Panelists scored biscuits 
made with polydextrose as more moist, but no more chewy than 
biscuits made without polydextrose. Polydextrose appeared 
to impede some of the negative effects wheat bran produced 
on biscuits. Thus, in some combinations, wheat bran and 
polydextrose increased the fiber content and limited the fat 
and calories of biscuits without negatively affecting 
biscuit characteristics. 
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Consumption of fat, fiber, and energy are three current 
dietary concerns of the consumer. In a 1984 survey 
conducted by the Wheat Industry Council ( 1984), 43% of 
respondents perceived they should increase fiber in their 
diets and 65% thought they should decrease energy intake. 
One way to decrease calories is to reduce fat in the diet; 
and indeed, 50 and 22% of respondents thought they required 
less animal and vegetable fat, respectively, in their 
present diets. 
Consumers' current beliefs about calorie and fat 
consumption are reflected in their food habits. Rizek and 
Jackson (1980) noted a decrease in per capita energy con-
sumption between 1965 and 1977 as reported in the USDA 
Nationwide Food Consumption Survey. Also, a decrease in 
intake of fat was observed; individuals consumed 50% less 
fat in 1978 than in 1965. Still, room for improvement 
exists as consumers continue to derive greater than 35% of 
their energy intake from fats and oils (USDA and USDHHS, 
1985). 
Could the inclusion of more fiber in the diet decrease 
the proportion of fat in the diet? Duncan et al. (1983) 
compared intakes of subjects on low energy density diets 
(LED) with intakes of those on high energy density (HED) 
2 
diets. The LED diet contained less than one half the 
calories and seven times the fiber per gram as the HED diet. 
As one would suspect, the LED diet was low in fatty foods 
and high in fibrous foods such as whole grains, fruits, and 
vegetables. The LED diet subjects consumed one half the 
calories that HED diet subjects did, even though diets were 
equally accepted and the subjects were allowed to eat as 
much as they wished. Other researchers have noted the 
importance of diets high in bulky and fibrous foods. Ryttig 
et al. ( 1985) and Krotkiewski ( 1985) observed that cereal 
fiber in particular, when included in the diet, suppressed 
hunger before meals and increased satiety value of meals; 
thereby, promoting weight loss in overweight subjects. 
To feel satiated, overweight people seem to need 
greater variety and intensity of flavor, odor, and texture 
in their diets than ideal body weight people ( Schiffman, 
1986). Possibly, incorporating more high fiber foods or 
products in the diet would provide the extra variety 
overweight persons on reducing diets require. What is the 
magnitude of demand of the overweight/dieting population? 
Is there a need for such a physiological/psychological 
advantage in the United States population? In about one 
half of all U.S. households, at least one member was 
reported to be dieting for weight control ( Gallup 
Organization, Inc., 1980; General Mills, 1980). The Calorie 
3 
Control Council (1987) discovered that 65 million Americans 
were dieting; that is, one out of two women and one out of 
four men in the U.S. population. The number one and two 
reasons these men and women cited for dieting were to lose 
weight and maintain body weight. The third most popular 
reason was because of health or medical reasons (Table 1). 
These respondents, 83% of the women and 76% of the men, 
removed high calorie foods from their diets; 70% of the 
women and 60% of the men used low calorie foods and 
beverages. A need exists for foods of optimum sensory 
quality and enhanced satiety value so that overweight people 
can enjoy their meals, lose excess body fat effectively, and 
maintain ideal body weight. 
Americans would like to see more reduced calorie 
products available on the market to help them accomplish 
their dieting objectives ( Calorie Control Council, 1987). 
Cakes, cookies, and other bakery products were listed as 
products desired in low calorie/reduced calorie form. 
Labuza (1985) projected that reduced calorie foods and 
beverages are a major growth field with a potential $30 
billion market by 1990! Labuza claimed that the primary way 
to reduce calories in products was to replace carbohydrates 
and/or fat with either water, air, fiber, artificial 
sweeteners, or fillers. Labuza noted that making these 
modifications in a product usually produced adverse effects 
4 









To lose weight 
To maintain weight 
For medical/health reasons 
the Calorie Control Council, 1987. 
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on the texture, flavor, and stability of the product. 
Reduced-fat foods could experience an annual growth rate of 
2.6% until the year 1990 (Haurnann, 1986). Therefore, demand 
will continue to exist for reduced calorie and reduced fat 
foods. 
The nutritional advantages of increasing fiber in the 
diet of the general population are well documented (Kay, 
1982; Lanza and Butrum, 1986; Schneeman, 1986). Health 
benefits specific to wheat fiber have been examined through 
the use of in vitro, animal, and human models. The most 
widely accepted benefits of wheat bran are related to an 
increase in stool bulk and decreased transit time through 
the intestine (Fedail et al., 1984). Some related benefits 
are a decreased incidence of diverticula ( Fisher et al., 
1985), an ability to bind mutagens and speed their transit 
from the G.I. tract (Moorman et al., 1983), and an 
alleviation of constipation during dieting (Krotkiewski, 
1985). 
How could fiber be increased in the diet so that the 
benefits might be accrued? Eating whole grain cereals was 
cited by 90% of respondents as a means of increasing dietary 
fiber (Marketing Science Institute, 1980). Of those 
individuals who served fibrous foods to their families, 47% 
did so by including cereals and grain based breads in the 
meal plan (General Mills, 1980). Wheat, by itself, has a 
6 
positive nutritional profile. When wheat was combined with 
other ingredients, such as fat, sugar, and salt, consumers 
viewed the resulting product less positively than when wheat 
was used alone (Wheat Industry Council, 1984). 
Consumers might view wheat products with reduced fat 
and calorie content more positively than their high-fat, 
high-calorie counterparts. At a conference on implementing 
the Dietary Guidelines, the use of whole grains in cereal 
based products was identified as an ideal way to replace fat 
and sugar with starch and fiber ( Seligsohn, 1980). 
Furthermore, reasons people cited for curtailing intake of 
white bread ( Table 2) suggested that consumers would be 
receptive to a whole grain based bakery product with a 
reduced fat content. 
Wheat bran has been used successfully in cookies 
(Jeltma et al., 1983; Vratania and Zabik, 1978, 1980), cakes 
(Brockmole and Zabik, 1976; Rajchel et al., 1975; Shafer and 
Zabik, 1978; Springsteen et al., 1977), bread ( Cadden et 
al., 1983; Pomeranz et al., 1977; Shogren et al., 1981), and 
muffins (Polizzoto et al., 1983). · A review of the 
literature indicated that biscuits have not been studied in 
great detail, and wheat bran has not been used in a biscuit 
formulation. Wheat bran, when compared to other forms of 
fiber, was found to produce superior cakes ( Shafer and 
Zabik, 1978), bread (Cadden et al., 1983; Shogren et al., 
7 









Prefer variety bread taste 
White bread is fattening 
White bread lacks fiber 
White bread lacks firm texture 
8 Adapted from the Wheat Industry Council, 1984. 
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1981) , and muff ins ( Polizzoto et al., 1983) in terms of 
sensory and instrumental characteristics. The other forms 
of fiber incorporated into baked products included 
cellulose, bean hulls, coconut residue, or oat, corn, rice, 
and soy brans. 
Two research teams have examined physical and sensory 
properties of nutritionally enhanced biscuits (Brys and 
Zabik, 1976; Matthews and Dawson, 1963). Only one focused 
on increasing fiber content. Microcrystalline cellulose was 
used by Brys and Zabik (1976) to replace flour in a rolled 
biscuit formulation. Researchers were able to replace up to 
20% of the flour in a rolled biscuit formulation without 
compromising sensory and instrumental quality of the 
biscuits. In general, more research needs to be conducted 
on the sensory and physical properties of biscuits. 
Specifically, no research could be found on biscuits that 
have been fortified with wheat bran. 
To further enhance a baked product nutritionally, fat 
content could be reduced. Several research teams have 
attempted to reduce the amount of fat used in baked 
products. Berglund and Hartsgaard (1986) researched the 
sensory and instrumental characteristics of cake, pie 
pastry, cookies, and muffins prepared with decreased levels 
of vegetable oils. Chung and Pomeranz ( 1983) showed that 
levels of fats and oils in bread have declined over the past 
decade, while levels of surfactants have ·increased. A 
9 
variety of fat replacers, sucrose polyester, gums, jojoba 
oil, and polydextrose, were reviewed by Haumann (1986). Of 
all the fat replacers discussed, only polydextrose was 
mentioned as suitable for replacement of fats and oils in 
bakery products. Although polydextrose is not a fat, it can 
be used to replace fats and oils in baked products. Because 
polydextrose functions as a texturizing agent, low-calorie, 
reduced-fat baked products can be made without compromising 
the texture of these products. 
Polydextrose, a bulking agent with only one calorie per 
gram, was used successfully to reduce calories in baked 
products, such as cakes (Freeman, 1982; Neville and Setser, 
1986) cookies (Freeman, 1982), and brownies (Freeman, 1982), 
by replacing sugar and/or fat. In cake, brownie, and cookie 
formulas, polydextrose was used in conj unction with 
crystalline cellulose to decrease calories further (Freeman, 
1982). In addition, a natural dietary fiber, corn bran, was 
combined with polydextrose to decrease calories in a cookie 
formulation (Freeman, 1982). To date, polydextrose has not 
been used in biscuits and polydextrose has not been used 
together with wheat bran in any bakery product. 
Therefore, the objectives of this study were: 
1. to study physical properties of rolled biscuits 
prepared with varying levels of wheat bran and 
polydextrose, 
10 
2. to examine sensory properties of rolled biscuits 
prepared with varying levels of wheat bran and 
polydextrose. 




REVIEW OF THE LITERATURE 
To better understand the effects that wheat bran could 
have on rolled biscuits, research pertaining to any bakery 
product made with wheat bran was reviewed. A limited amount 
of data exists on bakery products made with polydextrose; 
therefore, data on reduced-fat bakery products were 
reviewed. Where researchers reported significance levels of 
their findings, the p-values have been recorded in this 
review. Conversely, when researchers did not report 
significance levels, no p-values have been recorded in this 
review. 
I. WHEAT BRAN ENHANCED BAKERY PRODUCTS 
Cookies 
Vratania and Zabik (1978) substituted bran from soft 
red or soft white wheat for flour at 0, 10, 20, and 30% 
flour weight basis (fwb) in sugar-snap cookies. 
Instrumentally, they found that with increasing levels of 
bran, cookie spread and crispness decreased, moisture and 
Kramer Shear Press tenderness increased, redness increased, 
and color darkened (p<0.05). Sensory results from a 
six-member panel indicated that with increasing bran levels, 
12 
acceptability of interior color, cell distribution, cell 
size, cell shape, and flavor decreased. 
In a later study, Vratania and Zabik ( 1980) 
investigated the use of the same types of wheat bran in 
cookies. Two types of wheat bran fortified cookies were 
tested in a consumer study. A control oatmeal cookie was 
compared with cookies made with 50% fwb bran from soft red 
or soft white wheat. An oatmeal cookie was chosen because 
oatmeal supposedly masked the bitter bran flavor to produce 
a more acceptable cookie. Results from a consumer hedonic 
test indicated that all three cookies were liked equally. 
In addition, results from a consumer FACT test showed that 
these same consumers where just as likely to buy and eat all 
three cookie types. 
Jeltma et al. ( 1983) analyzed high fiber cookies for 
sensory quality, physical parameters, and dietary fiber. 
Researchers prepared sugar snap cookies with 20% fwb wheat 
bran, corn bran, oat bran, navy bean hulls or soy hulls. A 
plain sugar snap cookie served as control. A number of 
textural differences were detected instrumentally among 
cookie types (p<0.05). Moisture content of wheat bran 
cookies was higher than control cookies, the same as oat 
bran, soy bran, and navy bean hull cookies, but less than 
corn bran cookies. Tenderness, as measured by Kramer Shear 
Press, of corn, soy, and wheat bran cookies was similar; and 
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all three cookie types were more tender than control 
cookies. All cookies had the same crispness as determined 
by Kramer Shear Press. 
Other instrumental tests showed a number of significant 
(p<0.05) differences among cookies. Wheat bran cookies 
spread less than did control, navy bean, oat bran, and soy 
bran cookies, and spread more than did corn bran cookies. 
Wheat bran cookies were more red than were oat and soy 
cookies, but were not more red than navy bean, corn, and 
control cookies. Wheat bran cookies were the least yellow 
and the darkest of all the cookies. 
A six-member panel rated the acceptability of the 
cookie types and found significant differences (p<O. 05). 
Compared to control cookies, wheat bran cookies were rated 
lower for interior and exterior color, interior cell size, 
shape, and distribution. Wheat bran cookies were rated the 
same as control cookies for surface characteristics. Wheat 
bran cookies were rated higher than control cookies for 
surface shape. 
Cakes 
As early as 1975 researchers were investigating the use 
of wheat bran in layer cakes (Rajchel et al., 1975). Fiber-
enhanced cakes were flavored with banana, chocolate, nuts, 
or spices. Cakes were prepared with wheat bran at 12% fwb; 
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wheat middlings at 16% fwb; or wheat bran at 12% fwb plus 
middlings at 16% fwb. A standard layer cake served as 
control. Compared to the control cake, fiber-enhanced cakes 
were lower in volume (p<0.05), darker (p<0.001), more yellow 
(p<0.05), and more red (p<0.01). Moisture content was 
significantly higher in cakes prepared with banana or nut 
flavoring and 12% middlings, compared to other treatments 
(p<0.05). 
Results from a panel of 12-15 members showed that type 
of flavoring used in the cake formulation rather than bran 
level seemed to have a greater effect on cake acceptability. 
Moistness, texture, and flavor were equally acceptable for 
control cakes and most fiber-enhanced cakes. Color 
acceptability was decreased by fiber in nut cakes (p<0.001) 
but increased by fiber in banana cakes (p<0.001). Fiber--
enhanced cakes flavored with nuts were less acceptable for 
tenderness (p<0.05) and flavor (p<0.01). All cakes were 
scored equally in general acceptability. 
Also, Brockmole and Zabik (1976) examined the use of 
wheat bran and middlings, bleached and unbleached, in cakes. 
Cakes were prepared with wheat bran at 4, 8, and 16% fwb; 
middlings at 12% fwb; or wheat bran at 16% fwb plus 
middlings at 12% fwb. Researchers discovered that cake 
characteristics, as determined instrumentally and 
sensorially, were not affected adversely by wheat bran or 
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middlings; however, differences were detected. Fiber-
enriched cakes were more red ( p<O. 01) and darker ( p<O. 01) 
than the standard layer cake control. Kramer Shear Press 
values showed that fiber-enriched cakes were more tender 
than the control cake (p<0.01). Five, trained judges gave 
lower total sensory scores for fiber-enriched cakes 
( p<O. 001). Total sensory scores were based on cake cell 
characteristics, cake grain, textural attributes, crumb 
color, and flavor. 
Effects of bran particle size and wheat bran 
substitution in cakes were studied by Springsteen et al. 
(1977). In this study, researchers used much higher levels 
of wheat bran than in previous studies. Cakes were made 
with 30, 50, or 70% fwb wheat bran. In addition, cakes made 
with two different particle size brans at 30% fwb were 
studied. At 30% substitution, cake volume was no different 
than the control at 0%. No differences in tenderness, as 
detected by Kramer Shear Press, were found among cakes 
formulated with 0, 30, 50, or 70% wheat bran. In general, 
total sensory scores declined as level of wheat bran 
increased. Large bran particles in a 30% substituted cake 
significantly decreased sensory scores for cell size and 
uniformity (p<0.05), cell wall thickness (p<0.01), crumb 
softness (p<0.001), and crumb color (p<0.01). When smaller 
bran particles were used at the same level, sensory scores 
were unaffected. 
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Shafer and Zabik (1978) chose to investigate the 
effects of wheat, corn, soy, and oat brans in cakes at 30% 
fwb. Instrumental results indicated that wheat bran cakes 
were more moist, more tender as determined by Kramer Shear 
Press, more red, and darker than non-wheat bran cakes 
(p<0.001). Furthermore, wheat bran cakes received higher 
scores from a sensory panel for cell size and uniformity 
(p<0.001), cell wall thickness (p<0.001), crumb color 
(p<0.001), grain (p<0.001), flavor (p<0.001), crust color 
(p<0.001), moistness (p<0.01), and total sensory scores 
(p<0.001). 
Yeast Bread 
Pomeranz et al. ( 1977) compared bread prepared with 
various types of cellulose, wheat brans, or oat brans at 0, 
3, 5, 7, 10, and 15% fwb. The most salient difference was 
that loaf volume was limited due to a decrease in gas reten-
tion by cellulose or bran. All brans decreased Bloom 
gelometer softness more than cellulose; and bran produced 
more yellow loaves with a greater collective color change 
(delta E) than cellulose substituted loaves. Shogren et al. 
(1981) made bread with wheat, corn, or soy brans or coconut 
residue each at 3, 5, 7, 10, and 15% fwb. When brans were 
added to bread, low loaf volume and darkened crumb color 
resulted. 
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More recently, Cadden et al. (1983) supplemented bread 
at 7.5% fwb with pea, flax, or sunflower hulls, wheat bran, 
or microcrystalline cellulose. Researchers compared the 
experimental loaves to two controls, one made with 100% 
whole wheat flour and another made with 100% hard spring 
wheat flour. Compared to the hard spring wheat flour 
control, wheat bran supplemented loaves were lower in 
volume, more yellow, and more red. Ten experienced 
panelists found that wheat bran fortified bread was similar 
to the whole wheat control in mouthfeel, crust firmness, 
crumb grain, and flavor intensity (p<0.05). 
Muffins 
Polizzoto et al. (1983) incorporated several sources of 
fiber (wheat, corn, soy, or rice brans; cellulose, or oat 
hulls) into a muffin formulation at 25% fwb. A panel of 100 
consumers rated muffins made with wheat bran higher than 
other fiber enhanced muffins; that is, flavor, mouthfeel, 
texture, appearance, aroma, and color were more acceptable. 
FACT testing showed that wheat bran muffins were most likely 
to be purchased. Hedonic and FACT testing were 
significantly correlated (p=0.001). 
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II. FAT-REDUCED BAKERY PRODUCTS 
Cookies 
Finney et al. (1950) studied various levels of 
hydrogenated shortening (25, 30, or 35% fwb) in sugar-snap 
cookies. Researchers found the 30% substitution level 
optimum for top grain and textural attributes. Abboud et 
al. ( 1985) investigated the use of four different fats in 
sugar-snap cookies. Also, one of the fats was used at 20, 
25, 30, or 35% fwb in the same cookie formula. No 
differences in cookie spread were detected among cookies 
prepared with nonemulsif ied and emulsified shortenings, a 
nonemulsified oil, and a melted, nonemulsified shortening. 
Differences dependent on fat level were detected. 
Investigators found that among the four fat levels 
investigated, 30% fat produced cookies of optimum top grain 
and spread. Cookies prepared with lower levels were shaped 
irregularly with an unacceptable, coarse top grain. The 
findings of Abboud et al. (1985) agreed with those of Finney 
et al. ( 1950); a 30% fat level was necessary for optimum 
appearance and spread characteristics and fat type did not 
affect spread in this particular cookie formula. 
Berglund and Hertsgaard (1986) prepared drop sugar 
cookies with 55 g of hydrogenated shortening, 40 g of 
soybean or safflower oil, or 34 g of soybean or safflower 
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oil. Percentages of substitution were not given. No changes 
in percentage spread and Gardner color values were noted 
among level and type of fat. A panel of 95 consumers 
preferred the crispness, chewiness, and appearance of 
cookies made with shortening more than the cookies made with 
oil (p<0.05). Also, they rated overall preference for 
cookies prepared with shortening higher than cookies 
prepared with either 34 g of soybean oil or 34 g of 
safflower oil (p<0.05). Generally, as fat level decreased, 
cookies were less acceptable for crispness, chewiness, and 
appearance. All cookies were preferred equally for flavor, 
regardless of fat type or level. 
Cakes 
Matthews and Dawson (1966) prepared cake with two types 
of hydrogenated fats, two types of margarines, or butter at 
12.5, 25, SO, 75, and 100% fwb in cakes. The types of fats 
included hydrogenated fat made with either vegetable oil or 
animal fat and vegetable oil; margarine made with either 
corn oil or soybean and cotton seed oils. At higher fat 
levels Warner Bratzler Shear values were lower and cake com-
pressibility was higher; that is, cakes were more tender and 
soft. Optimum volume was attained at 50% fwb for all fats. 
Sensory results from a five member panel showed that cakes 
higher in fat were more tender and velvety. Flavor scores 
remained similar among fat levels and types. 
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Harnett and Thalheimer ( 1979) reduced total fat in 
commercial cake mixes by replacing plastic fat with an oil-
emulsifier blend. A 60% reduction of fat in one mix and a 
33% reduction in another mix were found to produce high 
volume cakes with satisfactory appearance and textural 
attributes. The effects of using 0, 50, 100, and 150% fwb 
of an oil-emulsifier blend in cakes were studied by Paton et 
al. (1981). At high oil-emulsifier levels cohesive force 
was lower, that is, cakes were more tender. Cakes at the 
100% oil-emulsifier level attained the highest volume. 
Kamel and Washnuik (1983) were successful at developing 
shortening-free cakes by using emulsifiers. They used 
emulsifiers at five times the normal use level to decrease 
calories by 12% while producing cakes that had high specific 
volume (cm3 /g) and received high sensory panel scores. 
Sensory attributes of taste, mouthfeel (defined as 
moistness), texture, and acceptability were scored on a 
hedonic scale. 
Smith (1984) used N-Flate(TM), a commercial blend of 
emulsifiers, modified food starch, and guar gum in a skim 
milk powder base to replace effectively 100% of the 
shortening in cakes. Batter density and viscosity, cake 
moisture loss on storage, and volume were recorded as 
physical response variables. Sensory attributes of crumb 
color, surface browning, contour, cell structure, and crumb 
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tenderness were evaluated by an unspecified number of "cake 
specialists". N-Flate cakes were compared to three other 
retail cakes prepared from mixes. N-Flate cakes were found 
to have more acceptable physical and sensory attributes than 
the retail cakes. 
Berglund and Hertsgaard (1986) prepared commercial cake 
mixes with a standard level (71 g) of hydrogenated 
shortening, or reduced levels (24, 36, and 53 g) of soybean 
or safflower oils. No apparent trends were observed in 
Gardner color values and volume due to changes in level or 
type of fat. A consumer panel of 95 rated all cakes equal 
in appearance, moistness, flavor, and overall preference. 
Neville and Setser (1986) formulated a reduced-calorie 
layer cake formula that contained no shortening or carbo-
hydrate sweeteners. The formula base (flour, dried egg 
white, whole eggs, salt, N-Flate, saccharin and aspartame) 
was held constant. Other ingredients were varied: water at 
67, 79, 92, and 105% fwb, polydextrose at 62.5, 70.8, and 
79% fwb, and leavening at 6.7 and 7.5% fwb. Physical and 
sensory response variables were used to evaluate the cakes. 
Physical response variables included batter viscosity and 
specific gravity, cake volume, symmetry, and percentage 
shrinkage. A very highly trained panel ( 10 hours 
specialized training plus 360 hours base training) analyzed 











Cakes with the highest level of polydextrose showed 
lowest specific gravity, volume (pS0.001), and shrinkage 
(pS0.01). Cakes prepared with 92 and 105% fwb water had low 
batter viscosity, poor cake synunetry, and low shrinkage 
(pS0.001). In addition, these cakes were low in volume 
(pS0.05), had high specific gravity (pS0.01), and were 
significantly more gummy (pS0.05) than cakes prepared with 
67 and 79% fwb water. Cakes prepared with the leavening 
agent were higher in volume (pS0.001), shrank less, and were 
less gununy (pS0.05) than cakes containing 6.7% fwb 
leavening. Researchers concluded that reduced calorie cakes 
that were most similar sensorially and physically to a 
standard shortened cake could be prepared with the base 
formula plus 62. 5 or 70. 8% polydextrose, 67 or 79% water, 
and 7.5% leavening. 
Yeast Bread 
The feasibility of replacing solid shortening with an 
oil-surfactant blend in yeast leavened bread was studied by 
Bruinsma and Finney (1984). Bruinsma and Finney were able 
to produce loaves of equal volume by using a standard 
formula with either 3% shortening, or 2 .1% oil-surfactant 
blend. Percentages were based on weight of total formula. 
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Muffins 
Berglund and Hertsgaard (1986) compared control muffins 
made with 53 g of vegetable shortening against those made 
with reduced amounts, 36 or 14 g, of different vegetable 
oils. Some variation in Gardner color values was observed 
among muffin types, but it was not analyzed statistically. 
Although not analyzed statistically, mean volume appeared 
unaffected. A consumer panel of 75 scored the muffins for 
the sensory attributes of mouthfeel, texture, appearance, 
flavor, and overall preference. Appearance scores seemed to 
be independent of fat level but not fat type; muffins 
prepared with oil received higher scores for appearance than 
muffins prepared with hydrogenated vegetable shortening 
(p<0.05). 
Pie Pastry 
Berglund and Hertsgaard ( 1986) compared control pie 
pastry prepared with a standard amount, 65 g of hydrogenated 
vegetable shortening, to pie crusts prepared with reduced 
amounts of vegetable oils, 54 or 43 g, respectively. 
Gardner color values were independent of both level and type 
of fat. The control was most flaky. Pie pastry made with 
soybean oil shrank the least. No statistical analysis was 
performed on instrumental data. A 75 member consumer panel 
rated color, flavor, and texture the same for all pie pastry 
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types. Also, panelists scored pastries the same for overall 
preference. 
Matthews and Dawson (1963) studied the performance of 
fats and oils in pie pastry at various levels from 25 to 68% 
fwb. Sensory results from a four-member panel and instru-
mental results from the Bailey shortometer supported the 
theory that at higher fat levels pastry becomes more tender 
regardless of fat type. To achieve the same level of 
sensory flakiness more solid fat than oil was needed. Solid 
fats were required at higher levels than oils to produce 
pastry of optimum richness of flavor. In general, the 
pioneering work of Matthews and Dawson established a range 
of levels for fats and oils in pastry that would produce 
pastry of optimal tenderness, flakiness, and flavor. 
Biscuits 
Similar to their work with pastry, Matthews and Dawson 
( 1963) worked with fats and oils in biscuits to establish 
the range that would produce biscuits of optimal tenderness 
and flavor. Crust tenderness, as determined by Warner 
Bratzler Shear and a sensory panel of four, increased as fat 
level increased from 6 to 51% fwb. Optimum richness of 
flavor scores were obtained between 25 and 38% for all of 
the fats and oils studied. 
25 
III. SUMMARY 
Several researchers have successfully used wheat bran 
to enhance the nutritional quality of baked products such as 
cookies, cakes, yeast bread, and muffins. Often, the 
addition of wheat bran affected the physical and sensory 
properties of the baked products. Wheat bran supplemented 
cookies (Jeltma et al., 1983; Vratania and Zabik, 1978, 
1980), cakes (Brockmole and Zabik, 1976; Rajchel et al., 
1975; Shafer and Zabik, 1978; Springsteen et al., 1977), and 
bread (Cadden et al., 1983; Pomeranz et al., 1977), all had 
physical properties that differed from the control. In the 
majority of the studies reviewed, most sensory attributes of 
the baked products were not affected adversely by the 
addition of wheat bran. This held true for cookies (Jeltma 
et al., 1983; Vratania and Zabik, 1980), cakes (Rajchel et 
al., 1975; Shafer and Zabik, 1978; Springsteen et al., 
1977), yeast bread (Cadden et al., 1983), and muffins 
(Polizotto et al., 1983). 
Fat reduction of baked produbts has proven to be more 
challenging and less frequently addressed than fiber 
enhancement of baked products. Ways to reduce the fat 
content of baked products have been explored (Berglund and 
Hertsgaard, 1986; Bruinsma and Finney, 1984; Harnett and 
Thalheimer, 1979; Kamel and Washnuik, 1983; Neville and 
Setser, 1986; Smith, 1984). Some studies were conducted 
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to determine optimum levels of fat rather than optimum 
reduced levels (Abboud et al., 1985; Finney et al., 1950; 
Matthews and Dawson, 1966; Matthews and Dawson, 1963). Of 
the studies that investigated optimum reduced levels of fat 
achievable in baked products, only three of the studies used 
lower calorie substitutes for the fat (Kamel and Washnuik, 
1983; Neville and Setser, 1986; Smith, 1984). The 
researchers who worked with low-calorie fat substitutes were 
able to reduce the levels of fat and calories in baked 
products more than researchers who only decreased the level 
of fat. In addition, the low-calorie fat substitutes used, 
N-Flate and Polydextrose, produced cakes that were more 
similar to control cakes in terms of physical and sensory 
characteristics. Simply reducing the amount of fat in a 
baked product is not enough! A fat substitute that has the 
same functional characteristics as the fat it is replacing 
is needed. Otherwise, a reduced-fat baked product will 
differ significantly from a standard baked product. 
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CHAPTER III 
MATERIALS AND METHODS 
I. EXPERIMENTAL DESIGN 
A four by four treatment combination was used with a 
randomized incomplete block design (Table 3). Four randomly 
selected rolled biscuit treatments were prepared each day 
over a 12-day period for a total of 3 replications of each 
treatment. Wheat bran (Menne! Milling Company, Charlotte, 
NC) was substituted for bread flour at four levels 0, 14, 
28, and 42% fwb. Hydrogenated shortening was replaced by 
polydextrose-K (Pfizer Chemical Company, New York, NY) at 
four levels, 0, 20, 40, and 60%. Polydextrose-K is a white-
to-light tan powder composed of a randomly bonded polymer of 
D-glucose. Small amounts of the starting materials, 
glucose, sorbi tol and citric acid, are left as a residue. 
Polydextrose-K is buffered to a pH of 5.0-6.0 with 
potassium bicarbonate. 
II. SAMPLE PREPARATION 
The highest levels of replacement, determined during 
preliminary testing, were those levels that still allowed 
formation of a moist, pliable dough. When the combination 
of wheat bran and polydextrose exceeded 42 and 60%, 
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Table 3--Experimental design for rolled biscuits containing 
four levels of wheat bran and four levels of polydextrose 
Polydextrose 
(% by weight) 
Wheat bran 
(% by weight) 0 20 40 60 
0 la 2 3 4 
14 5 6 7 8 
28 9 10 11 12 
42 13 14 15 16 
8 Numbers 1-16 signify treatment number. 
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respectively, a crumbly mass formed that could not be 
rolled. A rolled, buttermilk biscuit formula adapted from 
the Lauhoff Grain Company (Danville, Il) was used for the 
basic formula (Table 4). Weights of variable ingredients 
(bread flour, wheat bran, hydrogenated shortening, and 
polydextrose) are presented in Table 5. 
Biscuits were prepared, rolled, and baked according to 
the detailed method described in Appendix A. First, dry 
ingredients were sifted and mixed together. Next, the 
shortening or shortening-polydextrose mixture was 
mechanically cut into the dry ingredients. Water was 
mechanically incorporated to form a dough. Then, the dough 
was kneaded, rolled, and cut by hand. Finally, biscuits 
were baked at 218°C for 10 minutes, cooled to ambient 
temperature, and enclosed in plastic bags. Testing was 
begun approximately 1 hour and 15 minutes after removal from 
oven. 
III. INSTRUMENTAL ANALYSIS 
The following instrumental tests were performed on the 
biscuits: specific volume, Texture Profile Analysis (TPA), 
percentage moisture determination, and Hunter color 
determination. Instrumental tests were conducted at 
specific time intervals post-bake to ensure a minimum of 
error due to time effects (Table A-1, Appendix J). Biscuits 
were tested in the order they were prepared and baked. 
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Table 4--Ingredient weights for biscuits 
Ingredient 






















8 Amounts vary depending on treatment as shown in Table 5. 
bPillsbury's 
cMennel Milling Company 
dDomino 
0 Morton 
£Calumet, double acting 
8 Arm & Hammer 
hsaco Foods Inc. 
icrisco 
jPfizer Chemical Company 
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Table S~Weight (g) of variable ingredients in the control 
biscuit and in biscuits containing 14, 28, and 42% wheat 
bran and 20, 40, and 60% polydextrose 
Wheat bran Polydextrose 
(%) (%) 
Ingredient Control8 14 28 42 20 40 60 
Bread flour 448 385 323 260 448 448 448 
Wheat bran 63 125 188 
Shortening l(i;8 168 168 168 134 100 68 
Polydextrose 34 68 100 
8Control formula= 0% wheat bran and 0% polydextrose. 
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Specific Volume 
At 1.2-1.4 hours post-bake, rapeseed displacement was 
used to measure the volume of eight randomly selected 
biscuits from each treatment. Biscuits were weighed and 
specific volume ( cm3 /g) for each biscuit was calculated 
using the volume and weight measurements (Appendix B). 
Texture Profile Analysis 
The Instron Universal Testing Machine (Table Model 
1130) was assembled with a 50-kg load cell and compression 
cage. Chart speed was standardized at 100 mm/minute, 
crosshead speed at 50 mm/minute, and range at 50 kg. At 
2-2.25 hours post-bake, six intact biscuits were chosen at 
random from the eight used for specific volume measurements. 
Two consecutive compressions to 1.0 cm were made for each 
biscuit. 
Instron profiles were examined for primary and 
secondary textural parameters as defined by Bourne (1978), 
(Appendix C) and depicted in Fig. A-1, Appendix D. Primary 
parameters were hardness, cohesiveness, and springiness; 
secondary parameters were gumminess, chewiness, and 
fracturability. Immediately after testing, compressed 
biscuits were placed in labeled, air-tight, plastic bags 




After Texture Profile Analysis, compressed biscuits 
were cut to a uniform particle size with a large knife. 
Three 10-g ground samples from each treatment were weighed 
to the nearest 0.01 g. All samples were dried at 135°C for 
35 minutes in the Brabender Volatiles/Moisture Tester (model 
SAS-2). The Brabender accommodated only 10 samples per 
drying period; therefore, samples from first and second 
treatments were dried simultaneously, and samples from the 
third and fourth treatments were dried simultaneously. 
Consequently, percentage moisture was read at 3. 25, 3. 5, 
3.75, and 4.0 hours post-bake for first, second, third, and 
fourth treatments, respectively. 
reserved for color measurements. 
Remaining samples were 
Color Determination 
Color was analyzed at 6.0 hours post-bake (Appendix E). 
A certified, white tile was used to standardize L, a, and b 
scales of the Hunter D25 Color/Difference Meter before 
sample measurement. Each sample was placed inside an 
optical sample cup, and mounted on the specimen port. L, 
a, and b readings were recorded for each treatment. Two 
randomly selected biscuits from each treatment were used for 
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interior color measurements. From each treatment, a total 
of eight readings per scale were taken for interior color. 
IV. SENSORY ANALYSIS 
Training 
A six-member panel, one male and five females, was 
trained for a total of 6. 2 5 hours and over a 1. 5 week 
period. Panelists were selected on the basis of availability 
and interest. Panelists attended six training sessions of 
one hour each. Appendix G gives a more detailed description 
of panel training. These sessions concentrated on helping 
panelists develop standardized methods for sensory analysis 
of the experimental biscuits. Tasting, scoring, and 
cleansing procedures were developed. 
Biscuit attributes were identified, discussed, and 
defined by panelists. By day six of training, attributes to 
be analyzed during the study were firmly established. 
Attributes included textural, flavor, and visual parameters. 
Hardness, cohesiveness, chewiness, and moistness were the 
textural attributes selected for analysis. Flavor 
components identified as important were wheat flavor and 
nonwheat aftertaste. Interior color was the only visual 
characteristic chosen for study. 
perceptions of each 'attribute 
unstructured, 150-mm line scales. 
Panelists recorded their 
for each biscuit on 
Scales were anchored with 
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parallel terms established with the help of panelists. A 
separate score card was used for each biscuit analyzed, 
thereby preventing panelists from making direct comparison 
among biscuits. Panelists indicated the intensity of the 
characteristic by placing a vertical line on the horizontal 
scale. Distance (mm) from the left end of the scale to the 
vertical line was recorded by the researcher and was the 
score assigned to the characteristic. Appendix I shows the 
final score card used by the panelists. 
Sample Presentation 
Each panelist was presented with 4 biscuits at each of 
the 12 panel sessions. Each biscuit was presented in a 
separate plastic bag sealed with a twist tie. To discourage 
panelists from comparing the 4 biscuits, each biscuit was 
covered with an inverted, opaque container. Each treatment 
was coded with a three-digit random number. Cleansing, 
tasting, and scoring procedures along with attribute 
definitions were available on a separate sheet for referral 
( Appendix H) . 
Each panelist evaluated biscuits under white light in 
the order his/her score cards were arranged. Score card 
order was randomized to minimize presentation order bias. 
Panelists were instructed to remove the opaque container 
that corresponded to the first score card, then unwrap and 
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evaluate the biscuit, place the completed score card in a 
manilla envelope, and replace the container over the 
biscuit. The process was then repeated with the second, 
third, and fourth biscuits. Panelists were asked 
specifically not to compare biscuits. 
V. STATISTICAL ANALYSIS 
Analysis of variance was performed using Pree GLM, (SAS 
Institute, 1986) to test the effects of wheat bran and 
polydextrose on each of the response variables. Least-
squares means and the standard errors of the least squares 
means (Tables A-8 through A-25) were generated for later use 
in creating response surfaces and contour plots of the 
effects. Also, the effects of wheat bran and polydextrose 
were partitioned into their linear, quadratic, and cubic 
portions. The significant terms in addition to those which 
were nonsignificant but of lower order than that of the 
significant terms, were retained in the model. The model 
was then applied to the least-squares means for generating 
the response surfaces and contour plots. The entire 
analysis described above was carried out separately for each 
of the response variables. 
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CHAPTER IV 
RESULTS AND DISCUSSION 
I. INSTRUMENTAL ANALYSIS 
Specific Volume 
The model showed that wheat bran (p<0.0001) and poly-
dextrose (p<0.001) had significant main effects on specific 
volume (Table A-2). Wheat bran contributed linear 
(p<0.0001) and quadratic (p<0.05) effects on specific 
volume. Wheat bran limited biscuit specific volume (Fig. 1 
and 2) (Table A-8). Brockmole and Zabik (1976), Rajchel et 
al. (1975), and Springsteen et al. (1977) noted a similar 
effect when wheat bran was incorporated in layer cakes. 
Likewise, yeast bread prepared with wheat bran was found to 
be lower in specific volume than yeast bread prepared with 
bread flour (Cadden et al., 1983; Pomeranz et al. 1977; 
Shogren et al., 1981). Excess bran in a baking system would 
dilute the gluten forming proteins in the flour that are 
responsible for structure and specific volume. 
Polydextrose produced significant linear (p<0.001) and 
quadratic (p<0.05) components for the model, as well 
(Table A-2). Neville and Setser (1986) used polydextrose in 
a model system for cakes. The system contained no fat. 
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Fig. !--Response surface of biscuit specific volume (cm3/g) 
as a function of percentage wheat bran and polydextrose. 
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Fig. 2--Contour plot of biscuit specific volume (cm3/g) as a 
function of percentage wheat bran and polydextrose; each 
line type reflects the specific volume indicated in the 
legend. 
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volume cakes resulted. Cake specific volume peaked when 
62.5% fwb polydextrose was used in the formula. Similarly, 
in the current study when 60% polydextrose was used in the 
biscuit formula, biscuits with the highest specific volume 
were produced (Table A-9). 
Estimating from the response surface and contour plot, 
at approximately 60% polydextrose and 12% wheat bran, 
specific volume reached a maximum (Fig. 1 and 2). Overall, 
biscuits high in wheat bran were low in specific volume, and 
biscuits high in polydextrose were high in specific volume. 
Specific volume was minimized at 10% polydextrose and 42% 
wheat bran or when wheat bran was high and polydextrose low. 
Texture Profile Analysis 
Moisture 
No significant differences in percentage moisture 
existed for biscuits supplemented with wheat bran and 
polydextrose ( Table A-2) . Findings of Vratania and Zabik 
(1978) did not support the results of the present study. 
Researchers found that cakes prepared with wheat bran had a 
higher moisture content than cakes prepared without bran. 
However, the cakes containing wheat bran did contain extra 
water in the formula, thus, one would expect the moisture 
content to be higher. With the present study, differences 
should have occurred because of different moisture 
absorption characteristics for wheat bran versus flour, and 
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polydextrose versus hydrogenated shortening. Possibly, 
differences in moisture were not detected instrumentally, 
because the analytical balance housed inside the Brabender 
Volatiles/Moisture Tester had dull knife edges. This 
condition adversely affected the accuracy and precision of 
the analytical balance. Hence, the percentage moisture 
readings, as read from the percentage moisture scale on the 
Brabender were not reliable. A Brabender service employee 
detected this condition after data collection had been 
completed. 
Hardness 
Wheat bran produced a significant main effect 
(p<0.0001) for the statistical model (Table A-3). Wheat 
bran exhibited significant linear (p<0.0001) and quadratic 
(p<0.001) effects on hardness. However, hardness values did 
not represent compression of biscuits with identical 
heights. Biscuits with the most wheat bran and no 
polydextrose were the hardest, requiring 28 kg of force to 
compress (Fig. 3 and 4) (Table A-11). The results of this 
study agreed with those of Pomeranz et al. ( 1977); wheat 
bran made yeast bread hard. The biscuits requiring the 
greatest force to compress at 42% wheat bran and 0,% 
polydextrose were low in specific volume (Fig. 1 and 2) and 
more compact. A denser material should require more force 
to compress. Wheat bran interfered with the development of 
gluten. Less gluten development meant that less gluten 
41 
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Fig. 3---Response surface of biscuit hardness (kg) as a 
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Fig. 4---Contour plot of biscuit hardness (kg) as a function 
of percentage wheat bran and polydextrose; each line type 
reflects the hardness indicted in the legend. 
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matrix was available to trap the carbon dioxide liberated 
during baking. The biscuits made with wheat bran rose less; 
therefore, the biscuits were low in specific volume, 
compact, and hard. 
Polydextrose exhibited a significant linear effect 
(p<0.001) for the statistical model (Table A-3). With the 
addition of polydextrose, a slight moderating effect on 
hardness was created (Table A-12). Biscuits high in wheat 
bran and also high in polydextrose were less hard than 
biscuits high in wheat bran, only (Fig. 3 and 4). Biscuits 
containing 42% wheat bran and 60% polydextrose required 
approximately 3 kg less force to compress than biscuits 
containing 42% wheat bran and 0% polydextrose. Apparently, 
on an equal weight basis, polydextrose softened biscuits 
more than vegetable shortening did. In general when fat is 
removed from a baking system, resultant products are harder. 
Matthews and Dawson (1966) established this effect in cakes. 
Researchers found that the softest cakes contained the most 
fat. However, in the current study, the softest biscuits, 
0% wheat bran and 60% polydextrose, contained the least 
amount of fat. The softest biscuits required only 17 kg of 
force to compress. One explanation could be that 
polydextrose possesses many of the functional properties of 
sucrose (Freeman, 1982). Sucrose is a humectant, as is 
polydextrose. Polydextrose can retain water in a baked 
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product, thereby, producing a softening effect. The 
biscuits high in polydextrose might have retained more water 
and thus, were softer than biscuits made without poly-
dextrose. Although instrumental results did not support 
this hypothesis, sensory results did (Table A-21). 
Wheat bran appeared to have more of an effect than 
polydextrose. Biscuits prepared with wheat bran were harder 
than biscuits prepared without wheat bran regardless of the 
amount of polydextrose the biscuits contained. Biscuits 
made with wheat bran required approximately 26-28 kg of 
force to compress, whereas biscuits made without wheat bran 
required approximately 17-20 kg of force to compress. 
Cohesiveness 
Only polydextrose significantly affected cohesiveness 
of the biscuits; there was no effect on biscuit cohesiveness 
with varying levels of wheat bran (Table A-3). The 
significant main effect (p<0.001) of polydextrose was 
evident. Polydextrose affected cohesiveness linearly 
(p<0.01). Biscuits made with polydextrose were very 
cohesive; biscuits made without polydextrose were not 
cohesive (Fig. 5 and 6). Polydextrose strengthened the 
bonds of the internal biscuit matrix more than vegetable 
shortening was able to. Bakery products high in fat are 














Fig. 5--Response surface of biscuit cohesiveness as a 
function of percentage wheat bran and polydextrose. 
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Fig. 6--Contour plot of biscuit cohesiveness as a function 
of percentage wheat bran and polydextrose; each line type 
reflects the cohesiveness indicated in the legend. 
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Thus, when some of the fat was eliminated and replaced by 
polydextrose, biscuits became more cohesive (Table A-12). 
Springiness 
Neither wheat bran nor polydextrose showed significant 
main effects for the model. Springiness was affected 
linearly (p<0.05) by polydextrose and quadratically (p<0.01) 
by wheat bran (Table A-3). However, springiness values did 
not represent compression of biscuits with identical 
heights. When the formulation contained a moderate amount 
of wheat bran and no polydextrose, biscuits were not 
springy, and biscuits did not return to their original shape 
as easily (Fig. 7 and 8). But when wheat bran was maximized 
or minimized biscuits became more springy (Table A-11). 
Biscuits highest in polydextrose resumed their original 
shape readily after compression; biscuits containing 
polydextrose were springy ( Table A-12) • Note that these 
biscuits were highly cohesive (Fig. 5 and 6). The bonds of 
the biscuit matrix were strong; therefore, the biscuits 
returned to precompression shape more easily. Biscuits made 
with 60% polydextrose and 0% or 42% wheat bran were very 
springy (Fig. 7 and 8). 
Gumminess 
Only wheat bran showed a significant main effect, 




GIi 4.93 Ill 
G) 





Fig. ?-Response surface of biscuit springiness (mm) as a 
function of percentage wheat bran and polydextrose. 
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Fig. a-contour plot of biscuit springiness (nun) as a function 
of percentage wheat bran and polydextrose; each line type 
reflects the springiness indicated in the legend. 
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(p<0.05) for gununiness (Table A-4). The response surface 
(Fig. 9) and contour plot (Fig. 10) generated for gununiness 
are very complex. One would expect gununiness to be fairly 
complex, because gununiness is the product of cohesiveness 
and hardness and each of those parameters has its own 
significant components. Maximum gununiness was achieved when 
biscuits were high in wheat bran; and minimum gumminess 
achieved when biscuits were low in wheat bran (Table A-14). 
Polydextrose had no affect on gununiness (Table A-4). 
Chewiness 
Wheat bran produced a significant main effect 
(p<0.0001), linear effect (p<0.001), and quadratic effect 
(p<0.01) for the model (Table A-4). Chewiness is the 
product of gununiness and springiness; thus, the response 
surface (Fig. 11) and contour plot (Fig. 12) for chewiness 
closely resemble the response surface (Fig. 9) and contour 
plot (Fig. 10) for gununiness. Highly chewy biscuits were 
highly gununy, and biscuits that were not very chewy were not 
very gununy. 
In general, biscuits prepared with wheat bran were more 
chewy, that is, more energy was required to disintegrate the 
biscuits prepared with wheat bran (Table A-14). When wheat 
bran was used in cookies (Jeltma et al., 1983; Vratania and 
Zabik, 1978) and cake ( Shafer and Zabik, 1978) just the 
opposite effect was seen. The products made with wheat bran 
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Fig. 9-Response surface of biscuit gumminess (kg) as a 
function of percentage wheat bran and polydextrose. 
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Fig. 10-Contour plot of biscuit gumminess (kg) as a 
function of percentage wheat bran and polydextrose; each 
line type reflects the gurnminess indicated in the legend. 
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Fig. ll~Response surface of biscuit chewiness (kg-nun) as a 
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Fig. 12--Contour plot of biscuit chewiness (kg-mm) as a 
function of percentage wheat bran and polydextrose; each 
line type reflects the chewiness indicated in the legend. 
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were more tender (less chewy}, as determined by Kramer Shear 
Press, than control products made with no bran. Possibly, 
these researchers used bran of a different particle size, 
than what the present study used. The different particle 
size bran may have made baked products more tender. 
Polydextrose had no effect on chewiness (Table A-4}. 
Fracturability 
Wheat bran (p<0.0001} and polydextrose (p<0.05} 
contributed significant main effects to the model (Table A-
4}. Wheat bran had a significant linear effect (p<0.0001} 
on fracturabili ty. Polydextrose produced a cubic effect 
(p<0.01}. Significant, interactive effects were present as 
the product of polydextrose cubed and wheat bran squared 
(p<0.001} and the product of polydextrose cubed and wheat 
bran cubed (p<O. 05}. Fracturability represented the most 
complex surface of the instrumental, texture measurements; 
many peaks and troughs were present (Fig. 13 and 14). 
Estimating from the response surface and contour plot, 
fracturability peaked at approximately 10% wheat bran and 0% 
polydextrose, 10% wheat bran and 45% polydextrose, and 0% 
wheat bran and 20% polydextrose. At these levels the 
biscuit crust crumbled into small pieces or fractured more 
easily. The crust that formed on these biscuits was more 
fracturable. Fracturability reached lows at approximately 
42% wheat bran and 0% polydextrose, 42% wheat bran and 60% 
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Fig. 13~Response surface of biscuit fracturability (kg) as 
a function of percentage wheat bran and polydextrose. 
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Fig. 14~Response surface of biscuit fracturability (kg) as 
a function of percentage wheat bran and polydextrose; each 
line type reflects the fracturability indicated in the legend. 
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polydextrose, and 20% wheat bran and 15% polydextrose. The 
crust that formed at these levels was less fracturable. In 







showed significant main, 
(p<0.0001) for lightness 
linear, and 
(Table A-5). 
Polydextrose made a significant linear (p<0.01) contribution 
to the model. The darkest biscuits were 60% polydextrose 
and 42% wheat bran; the lightest biscuits were 0% 
polydextrose and 0% wheat bran (Fig. 15 and 16). Wheat bran 
had more of a darkening effect than polydextrose. Wheat 
bran is darker than flour; thus, biscuits highest in wheat 
bran should be darkest (Table A-17). Similarly, wheat bran 
has darkened cookies (Jeltma et al., 1983; Vratania and 
Zabik, 1978), cakes (Brockmole and Zabik, 1976) and bread 
(Cadden et al., 1983; Shogren et al., 1981). Polydextrose 
might have decreased the lightness of the biscuits by having 
a slightly darker color than the shortening that it replaced 
(Table A-18). In addition, the carbonyl groups from 
glucose, the break down product of polydextrose, would be 
free to participate in the Maillard browning reaction. 
Thus, biscuits containing polydextrose would be darker 
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Fig. 16--Contour plot of biscuit interior color (lightness) 
as a function of percentage wheat bran and polydextrose; 
each line type reflects the color indicated in the legend. 
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Redness 
Wheat bran (p<0.0001) and polydextrose (p<0.001) were 
significant main effects in the model for redness (Table 
A-5). Wheat bran produced linear (p<0.0001), quadratic 
(p<0.0001), and cubic (p<0.0001) effects on the model for 
redness. Wheat bran made biscuits more red (Table A-17). 
Addition of wheat bran has made cookies (Jeltma et al., 
1983; Vratania and Zabik, 1978), cakes (Brockmole and Zabik, 
1976; Rajchel et al., 1975; Shafer and Zabik, 1978), and 
bread (Cadden et al., 1983) more red. Polydextrose showed 
linear (p<0.0001) and quadratic (p<0.05) effects on redness. 
Polydextrose appeared to contribute redness to the biscuits 
( Table A-18) . Possibly, the melanoidin pigments, produced 
by the Maillard browning of polydextrose were red. The 
most red biscuits were 42% wheat bran and 60% polydextrose; 
and the least red were 0% wheat bran and 0% polydextrose 
(Fig. 17 and 18). 
Yellowness 
Wheat bran (p<0.0001) and polydextrose (p<0.001) 
contributed significant main effects to the model ( Table 
A-5). Wheat bran contributed linear (p<O. 0001), quadratic 
(p<0.0001), and cubic (p<0.0001) effects. Biscuits made 
without wheat bran were more yellow than biscuits made with 











Fig. 17~Response surface of biscuit interior color (redness) 
as a function of percentage wheat bran and polydextrose. 
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Fig. 18--Contour plot of biscuit interior color (redness) as 
a function of percentage wheat bran and polydextrose; each 
line type reflects the color indicated in the legend. 
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cookies (Jeltma et al., 1983); adding wheat bran to cookies 
made the cookies less yellow. The wheat bran used in this 
particular study and in the current study must have 
contained few yellow pigments. Other researchers have 
demonstrated just the opposite. Wheat bran actually made 
cakes (Rajchel et al., 1975) and bread (Cadden et al., 1983; 
Pomeranz et al., 1977) more yellow. The varieties of wheat 
bran researchers used in their studies might have contained 
more yellow pigments than the wheat bran used in the current 
study. 




Biscuits containing polydextrose were more 
biscuits containing no polydextrose 
When shortening was blended with polydextrose 
during biscuit preparation the mixture became more yellow 
than the shortening alone. Apparently, the polydextrose 
imparted a yellow color to the shortening. When the 
shortening-polydextrose mixture was incorporated into 
biscuits, it imparted yellow to the biscuits. Biscuits that 
contained 0% wheat bran and 60% polydextrose were the most 
yellow (Fig. 19 and 20). The least yellow biscuits 










Fig. 19--Response surface of 
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Fig. 20--Contour plot of biscuit interior color (yellowness) 
as a function of percentage wheat bran and polydextrose; 
each line type reflects the color indicated in the legend. 
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II. SENSORY ANALYSIS 
Hardness 
No significant differences were detected for biscuit 
hardness (Table A-6). Panelists compressed biscuits with 
the index finger to detect hardness (Appendix H). Possibly, 
the manual method used to detect hardness sensorially was 
not sensitive enough to detect differences among the 
treatments studied. Hardness as determined by TPA on the 
Instron differed for different treatments. However, the 
sensory method to determine hardness was a small compression 
or modulus test, whereas the instrumental method was a 
rupture test according to Bourne (1979). Bourne documented 
the inherent differences between a small compression test 
and rupture test. The sensory test performed on the biscuit 
deformed the biscuit to the point where it could regain its 
original shape, whereas, the instrumental test deformed the 
biscuit until it ruptured and was unable to fully regain its 
original shape. Therefore, different results were seen. 
Cohesiveness 
Wheat bran exhibited a significant main (p<O. 0001), 
linear (p<0.0001), and cubic (p<0.05) effect for cohesive-
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Fig. 21-Response surface for sensory cohesiveness ( l=slightly 
crumbly, lSO=crumbly) of biscuits as a function of percentage 
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Fig. 22-Contour plot for sensory cohesiveness ( l=slightly 
crumbly, lSO=crumbly) of biscuits as a function of percentage 
wheat bran and polydextrose; each line type reflects the 
cohesiveness indicated in the legend. 
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high degree of cohesiveness and high spots indicate a low 
degree of cohesiveness. In general, as wheat bran 
substituted for more and more flour, biscuits became less 
and less cohesive (Table A-20); biscuits were more crumbly 
(Fig. 21 and 22). Gluten proteins were diluted and the 
formation of gluten became more difficult. Wheat bran 
particles probably· interfered with the development of gluten 
complex. Gluten is responsible for the cohesiveness or 
structure of baked products. 
Cohesiveness generated the most complex surface of the 
sensory scores; many peaks and troughs are visible on the 
response surface (Fig. 21) and contour plot (Fig. 22) . 
Although polydextrose did not produce a significant main 
effect, a significant quadratic effect ( p<O. 05) was seen 
(Table A-6). Instrumental results showed that polydextrose 
made biscuits more cohesive. In addition, wheat bran had no 
effect on instrumental cohesiveness of biscuits. Instru-
mental and sensory cohesiveness results did not correspond. 
Moistness 
The response surface (Fig. 23) and contour plot (Fig. 
24) for moistness were easy to interpret, as only linear 
components were significant. Wheat bran was a significant 











Fig. 23-Response surface for sensory moistness (l=slightly 
moist, lSO=moist) of biscuits as a function of percentage 
wheat bran and polydextrose. 
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Fig. 24-Contour plot for sensory moistness (l=slightly moist, 
lSO=moist) of biscuits as a function of percentage wheat bran 
and polydextrose; each line type reflects the moistness 
indicated in the legend. 
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showed a linear effect (p<0.0001) in that as more wheat bran 
was added biscuits became drier and required more saliva to 
masticate ( Table A-20) • The drying effect of wheat bran 
might be explained by its water absorptive properties. Both 
wheat bran and flour absorbed water, but during baking wheat 
bran lost water more easily than flour did. Supplemented 
biscuits had less flour present, consequently, less water 
remained after baking and the resultant biscuits were 
perceived as dry by panelists. Most sensory work reviewed 
dealt with the acceptability rather than the amount of 
moisture present in fiber enhanced baked products (Brockmole 
and Zabik, 1976; Rajchel et al., 1975; Shafer and Zabik, 
1978; Springsteen et al., 1977); therefore, the findings 
will not be compared to the present study. 
Polydextrose produced a linear effect (p<0.05). Adding 
polydextrose made biscuits slightly more moist as perceived 
by panelists; thereby, slightly lessening the drying effect 
of the wheat bran (Table A-21). Polydextrose is noted for 
its hygroscopic properties (Freeman, 1982; Torres and 
Thomas, 1981). Polydextrose retained water during baking, 
thus biscuits containing polydextrose were perceived as more 
moist than biscuits made without polydextrose. Instrumental 




Biscuit chewiness was affected by wheat bran; 
significant main and linear effects (p<0.0001) for wheat 
bran were seen in the model (Table A-6). Biscuits made with 
more wheat bran were more chewy than biscuits made with less 
wheat bran (Table A-20). Sensory results agreed with 
instrumental results. Instron values indicated that 
biscuits high in wheat bran were chewy. Chewiness is related 
to moistness. Recall the definition of chewiness ''length of 
time required to masticate sample." Drier biscuits required 
more time to absorb enough saliva so the bolus could be 
swallowed. Thus, dry biscuits were chewy. Observe that the 
biscuits perceived as driest (Fig. 23 and 24), contained 42% 
wheat bran. These biscuits were perceived as the most chewy 
(Fig. 25 and 26). 
Polydextrose had no effect on chewiness even though the 
panelist perceived it as having a moistening effect on the 
biscuits (Table A-21). Most likely, the moistening effect 
was not significant enough to effect chewiness. 
Wheat Flavor 
Wheat bran was a significant main effect (p<0.0001) in 
the model for wheat flavor (Table A-7). Significant linear 
and quadratic components were apparent for wheat bran 
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Fig. 25--Response surface for sensory chewiness (l=slightly 
chewy, lSO=chewy) of biscuits as a function of percentage 
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Fig. 26--Contour plot for sensory chewiness ( l=slightly chewy, 
lSO=chewy) of biscuits as a function of percentage wheat bran 
and polydextrose; each line type reflects the chewiness 
indicated in the legend. 
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that indicated the biscuits were strong in wheat flavor 
(Table A-23). Panelists noted greater differences in the 
wheat flavor between O and 14% wheat bran biscuits, than 
between 14 and 28% wheat bran biscuits. Similarly, greater 
differences were noted between 14 and 28% biscuits, than 
between 28 and 42% (Fig. 27 and 28). Polydextrose had no 
effect on wheat flavor ( Table A-7). Polydextrose neither 
enhanced nor masked the wheat flavor contributed by wheat 
bran. 
Aftertaste 
Wheat bran conferred significant main (p<0.0001) and 
linear (p<0.01) effects to the model for aftertaste (Table 
A-7). As wheat bran was added up to 42% in biscuits, 
nonwheat aftertaste became noticeable (Fig. 29 and 30) 
(Table A-23). Aftertaste was identified by panelists as 
bitter, metallic, or salty. 
Polydextrose played no role in the development of 
aftertaste (Table A-7). Neville and Setser (1986) found the 
opposite to hold true. Polydextrose acted synergistically 
with saccharin to produce a bitter aftertaste in model layer 
cakes. 
Interior Color 
The present study researched the 
contributed by the independent variables. 
amount of color 









Fig. 27--Response surface of biscuit wheat flavor (l=mild, 
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Fig. 28--Contour plot of biscuit wheat flavor (l=mild, 
lSO=strong) as a function of percentage wheat bran and 
polydextrose; each line type reflects the wheat flavor 






Fig. 29-Response surface of biscuit aftertaste (l=slight, 
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Fig. 30-Contour plot of biscuit aftertaste (l=slight, 
lSO=intense) as a function of percentage wheat bran and 
polydextrose; each line type reflects the aftertaste indicated 
in the legend. 
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contributed a significant main effect to the model for 
interior color (Table A-7). Most researchers have focused 
on the acceptability of the color produced in baked products 
by the addition of wheat bran; therefore, their findings 
were not compared to the present study. Significant linear 
and quadratic effects (p<0.0001) were seen for wheat bran. 
Panelists perceived that wheat bran darkened the interior 
color of the biscuits (Table A-23). Panel results agreed 
with instrumental results; wheat bran darkened the interior 
color of the biscuits as measured by the L scale on the 
Hunter D25 Color/Difference Meter. 
Polydextrose had a linear influence (p<0.05). Biscuits 
highest in wheat bran and polydextrose were darkest (Fig. 31 
and 32). Darkening by polydextrose has never been 
documented. Polydextrose is a randomly bonded glucose 
polymer that would provide hydroxyl groups for Maillard 
browning to occur; thus, biscuits containing polydextrose 
should be darker in color than biscuits not containing 
polydextrose. Polydextrose darkened biscuits (Table A-24). 
Again, instrumental and panel results agreed; polydextrose 
made biscuits darker according to results from both 














Fig. 31-Response surface for sensory interior color ( l=light, 
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Fig. 32-Contour plot for sensory interior color (l=light, 
lSO=dark) of biscuits as a function of percentage wheat bran 
and polydextrose; each line type reflects the color indicated 




Wheat bran decreased specific volume and produced 
harder, gummier, and chewier biscuits. Cohesiveness of 
biscuits was unaffected by wheat bran. Biscuits high in 
wheat bran were darker, more red, and less yellow than 
biscuits low in wheat bran. 
Polydextrose increased specific volume and produced 
softer and more cohesive biscuits. Gumminess and chewiness 
were unaffected by polydextrose. Biscuits high in 
polydextrose were darker, more red, and more yellow than 
biscuits low in polydextrose. 
By using polydextrose in conjunction with wheat bran 
some of the deleterious effects of wheat bran were limited. 
For example, polydextrose impeded the low specific volume, 
and hardness caused by wheat bran. Furthermore, poly-
dextrose did not contribute any additional gurcuniness or 
chewiness. 
Sensory Results 
Panelists indicated biscuits were chewier, drier, 
crumblier, and darker as wheat bran level increased. After-
taste and wheat flavor were greater in biscuits that 
contained wheat bran than in biscuits that contained no 
71 
wheat bran. Panelists were unable to detect significant 
differences in hardness of biscuits, that is, neither wheat 
bran nor polydextrose affected the hardness of biscuits as 
detected by sensory methods. Polydextrose did not affect 
chewiness, cohesiveness, wheat flavor, and aftertaste of 
biscuits. Polydextrose made biscuits darker just as wheat 
bran did; however, unlike wheat bran, polydextrose made 
biscuits more moist. 
Instrumental and Sensory Results 
Five characteristics (moistness, hardness, cohesive-
ness, chewiness, and color) were measured by instrumental 
and sensory methods. Both instrumental and sensory results 
showed that wheat bran made biscuits chewier and poly-
dextrose left chewiness unaffected. Wheat bran and 
polydextrose darkened biscuits. Moistness and hardness 
results did not agree. Significant differences in moistness 
were detected by the sensory panel only; and significant 
differences in hardness were detected by instrumental means 
only. Discrepancies in the instrumental and sensory results 
might be explained by instrument error and differences in 
parameter definition between sensory and instrumental 
methods. Differences in moisture were not detected 
instrumentally, because the Brabender Volatiles/Moisture 
Tester had unreliable accuracy and precision. Hardness 
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differences were not detected sensorially because the 
sensory method did not measure the same hardness character-
istic as the instrumental method. 
Instrumentally, cohesiveness of biscuits was increased 
by polydextrose, but sensorially, cohesiveness of biscuits 
was decreased by wheat bran. Possibly, the higher 
temperature and the amount of moisture in the mouth 
interacted with the biscuit matrix. Biscuits analyzed on 
the Instron were exposed to lower temperature and humidity. 
Thus, biscuits analyzed by panelists were actually different 
than those measured on the Instron. 
Despite some inherent differences in instrumental and 
sensory results, conclusions can still be drawn concerning 
the physical and sensory properties of high-fiber, reduced-
fat biscuits. In some combinations, wheat bran and 
polydextrose increased fiber content and limited fat and 
calories of biscuits without negatively affecting the 
physical and sensory properties of biscuits. A high-fiber, 
reduced-fat biscuit could be optimized to allow a maximum 
amount of fiber enhancement and fat reduction, concurrently. 
If a optimized biscuit was defined as a biscuit that had 
instrumental and sensory properties closest to the control, 
0 to 21% wheat bran would be substituted for flour and 40 to 
60% polydextrose substituted for hydrogenated shortening. 
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Further research is needed to determine an optimized 
biscuit. This optimized product would require consumer 
sensory evaluation to determine acceptability. In addition, 
analysis could be conducted on the optimized biscuit to 
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ROLLED BISCUIT METHOD 
1. Have all ingredients at room temperature. 
2. Sift bread flour, sugar, salt, baking powder, baking 
soda, and buttermilk solids together into a 4-quart 
Hobart mixing bowl. Stir in wheat bran. 
3. In a separate bowl, blend shortening and polydextrose 
for 100 strokes with a rubber plate scraper until 
creamy and homogenous. 
4. Blend shortening-polydextrose mixture into dry 
ingredients for 90 seconds on No. 1 speed using the 
flat paddle of the Hobart mixer (model N-50). 
5. Add tap water and mix an additional 20 seconds on No. 1 
speed. 
6. Gather all material into a ball and turn out of bowl 
onto a smooth, wooden surface. Knead 24 times with 
hands, turning a quarter turn between kneads. 
7. Roll dough to a uniform thickness between two sheets of 
waxed paper using 1.25 cm, metal guide bars spaced 20 
cm apart. 
8. Remove the top sheet of waxed paper and cut out 14 
biscuits with a 5.1 cm (2 inch) diameter cutter. 
9. Carefully lift each biscuit from waxed paper with a 
metal spatula and transfer to ungreased, 40.0 cm x 35.5 
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cm, metal baking sheet. Space biscuits 3 cm apart, 3 
or 4 to a row. 
10. Place baking sheets on wire racks raised 4 cm above the 
floor of the deck oven (model REG36AW). Bake for 10 
minutes at 218°C (425°F) with top heating element set 
on low and bottom on high. 
11. Remove baking sheet from oven and set on raised, wire 
racks. Allow biscuits to cool for 35 minutes at room 
temperature. 
12. Remove biscuits from baking sheet with a metal spatula; 
store biscuits at room temperature in odor-free, 




1. Obtain weight of rapeseeds per unit volume (g/cm3 }. 
A. Weigh an equal volume of rapeseeds 10 times to the 
nearest 0.01 g and take a mean weight. 
B. Divide the mean weight by the cm3 of volume; this is 
the conversion factor (CF) in g/cm3 . 
2. Obtain weight ( g) of a 160-ml, 7 cm diameter, plastic 
container filled with rapeseeds. 
A. Fill container with rapeseeds, tap full container 20 
times on a level surface to settle rapeseeds. 
B. Level off rapeseeds to top of container with a 
straight edge. 
C. Weigh container holding rapeseeds to nearest 0.01 g. 
D. Repeat steps A through c nine more times and take a 
mean; this mean is weight one (Wl). 
3. Carry out the following procedure for each biscuit: 
A. Place biscuit in 160 ml, plastic container and 
completely fill with rapeseeds. 
B. Tap full container 20 times on a level surface to 
settle rapeseeds. 
C. Level off rapeseeds to top of container with a 
straight edge. 
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D. Weigh container holding biscuit and seeds; record 
this second weight as W2. 
E. Remove and weigh biscuit; record as W3. 
F. To obtain weight of displaced rapeseeds (W4), 
perform the operation: Wl - (W2 - W3). 
G. Divide W4 by CF to obtain volume of displaced 
rapeseeds (Vl) in cm3 . 
H. Divide Vl by W3 to obtain the specific volume of the 
biscuit (V2) in cm3/g. 
A condensed format for determining specific volume is 
represented below: 
CF= Wt. of seeds/unit volume 
Wl =Wt.of 160 ml container filled with seeds 
W2 =Wt.of 160 ml container with biscuit and filled 
with seeds 
W3 =Wt.of biscuit 
W4 = Wl - (W2 - W3) 
Vl = W4/CF 
V2 = Vl/W3 
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APPENDIX C 
EVALUATION OF INSTRON PROFILES 
1. Assemble the Instron Universal Testing Machine (table 
model 1130) with a 50 kg load cell and a compression 
cage. 
2. Standardize chart speed at 100 mm/min, crosshead speed 
at 50 mm/min, and range at 50 kg. 
3. Evaluate Instron profiles for the following parameters: 
A. Hardness~force (kg) at point of maximum 
compression. 
B. Cohesiveness~area of the second bite (A 2 ) / area 
of first bite (A1 ). 
C. Springiness~length (mm) of baseline from the 
beginning of the second bite compression (S1 ), to 
the perpendicular (s 2 ) drawn from the second bite 
peak. 
D. Gumminess~hardness X cohesiveness (kg) 
E. Chewiness--gumminess X springiness (kg-mm) 
F. Fracturability~force (kg) at first, significant 
break in curve. 


















Distance in mm 




1. Release stand-by button on Hunter D25 Color/Difference 
Meter and allow instrument to warm-up for approximately 
30 minutes. 
2. Prepare samples from each treatment for interior color 
measurement. 
A. Slice biscuit medially into top and bottom 
sections, place cut side down, and measure interior 
of intact bottom and intact top as per step No. 4. 
B. Repeat with second biscuit. 
3. Standardize Instrument 
A. Place black glass on specimen port and adjust X, Y, 
and Z scales with reference screw until all read 
+0.00. 
B. Place certified white tile on port and adjust X, Y, 
and Z scales with standardization dial until their 
digital readings are 80.58, 82.86, and 95.41, 
respectively. 
C. Adjust L, a, and b scales to read 91.03, -1.3, and 
1.6, respectively in a manner similar to 3B. 
D. Repeat 3A-C until all readings have stabilized. 
4. Measure L, a, and b color scales for each sample. 
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A. Place sample in plexiglass, optical sample cup 4 cm 
high and 5 cm in diameter. 
B. Place sample cup on port, and cover sample cup and 
port with a black cloth that will completely block 
extraneous light. 
C. Take readings for L, a, and b scales, rotate cup a 
quarter turn and take L, a, and b readings again. 
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APPENDIX F 
STATEMENT OF INFORMED CONSENT 
Statement of Infonned Consent 
1. I have volunteered to be a member of a sensory panel to evaluate 
High-Fiber, Reduced-Fat (HFRF) biscuits. The research will be conducted 
by personnel in the Department of Nutrition and Food Sciences at 
the University of Tennessee. 
2. The purpose of this research is to find those HFRF bfscuits which have 
optimal sensory characteristics. This requires taste-testing of the 
of the different bisc~its. Food-grade materials will be used, and 
standard methods of sample food preparation will be followed. No risk 
to the panelist is anticipated in tasting samples. 
3.. I have had the opportunity to discuss the procedures with the investi-
gator and to ask questions. 
4. I understand this testing involves multiple panel sessions and will 
require my participation for one to two months. 
5. I understand that my performance as an individual will be treated as 
research data and will in no~ay be associated with me for other than 
identification purposes, thereby assuring confidentiality of my perform-
ance and responses. 
6. I understand that I do not have to participate in this research, and that 
if I choose not to participate there will be no penalty or loss of bene-
fits to which I am otherwise entitled. 
7. I further understand that I may withdraw my consent and end my participation 
tion in the panel at any time without penalty or loss of benefits to which 
I am otherwise entitled. 
8. If I have any questions concerning my rights as a research subject, 
injuries or emergencies resulting from my participation or any questions 
concerning this study, I understand that I can contact Dr. Patricia 
Redlinger in JHB 229. 








• Time commitment and objectives of study explained. 
• Panelists read and signed Statement of Informed 
Consent {Appendix G). 
2. Panelists described characteristics of a standard, 
rolled biscuit and these characteristics were grouped 
according to the stage they represented, i.e. visual, 
first bite, mastication, or residual. 
3. Panelists evaluated a standard, rolled, control biscuit 
{assigned random No. 301) 
• Panel was presented score card with color, hardness, 
moistness, and cereal flavor listed as attributes on 
unstructured, line scales. 
• Discussed directions for tasting and using score card 
• Discussed and refined tasting method and attributes. 
• Discussed applicability of attributes and anchors. 
4. Panel evaluated a control biscuit {assigned random No. 
928) from the same batch as No. 301. 
• Panelists were not told that No. 928 was from same 
batch as No. 301. 
• Steps in No. 3 repeated on No. 928. 
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• Some evaluations changed based on discussion after 
No. 301. 
Day Two 
1. Reviewed score card terms and Day One activities. 
2. Anchors for four new attributes, flakiness, 
3. 
cohesiveness, chewiness, and oiliness decided. 
Performed evaluation of an overmanipulated and staled 
control biscuit (assigned random No. 681). 
• No. 681 was overmanipulated and staled three hours at 
refrigerator temperature to make it hard, chewy, and 
dry. 
• Panelists concentrated on texture but were unable to 
detect increased hardness , and chewiness, and 
decreased moistness. 
4. Performed evaluation of a normal control (assigned 
random No. 543). 
5. Performed evaluation of a biscuit from treatment 6 
(assigned random No. 279) 
• Biscuit contained 20% polydextrose and 14% wheat 
bran. 
• Panelists noticed wheat flavor in this biscuit. 




1. Interior color and flakiness were moved to end of score 
card because panelists needed to bite into the biscuit, 
and then evaluate the interior for color and flakiness. 
2. Aftertaste added to score card. 
3. Panelists were given a separate list of textural 
definitions for their referral. 
4. Panelists evaluated a control staled overnight at room 
temperature (assigned random No. 751). 
• No. 751 accurately demonstrated a dry texture 
5. Panelists evaluated a Roman Meal brand canned biscuit 
(assigned random No. 379). 
• No. 379 demonstrated a chewy, hard texture. 
6. Paneli~ts evaluated research biscuit ( assigned random--..-, 
No. 482) from treatment 15, 40% polydextrose and 42% 
wheat bran. 
• No. 482 demonstrated both wheat flavor and 
aftertaste. 
7. Score card directions were broken into separate 
sections: tasting procedure, scoring, and definitions. 
Day Four 
1. Panelists followed a more detailed cleansing procedure. 
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• Before tasting first sample and between all samples 
panelists rinsed with room temperature, tap water, 
masticated a carrot, and rinsed with water again. 
2. Flakiness was dropped from score card; panelists agreed 
during Day Three training that flakiness was not a 
salient characteristic of the biscuits involved in this 
study. 
3. Panelists evaluated a set of three biscuits from 
treatments 1, 11, and 16. 
• treatments. 1, 11, and 16 were chosen for training 
because they represented a cross section of all 16 
treatments. 
• treatment 1 was coded as No. 763, treatment 11 as No. 
829, and treatment 16 as No. 985. 
biscuits were presented in random order to limit 
positional bias. 
4. Panelists evaluated a second set of three biscuits from 
treatments 1, 11, and 16. 
• Treatment 1 was coded as No. 146, treatment 11 as No. 
259, and treatment 16 as No. 621. 
• Panelists were not told that these biscuits were from 
the same treatments as the first set. 
5. Panelists were told that the biscuits they had 
evaluated during this day of training represented the 











• A manual method for evaluating hardness was proposed 
for Day Five Training. 
Day Five 
1. Hardness was evaluated using a finger to compress the 
biscuit ( see Appendix H, No. 2 of Tasting Procedure) 
instead of the molars. 
• Hardness was redefined as the force required to 
compress the sample. 
2. Panelists evaluated two sets of biscuits. 
• The first set contained the three treatments 
evaluated on Day Four. 
• The second set contained a biscuit from treatment 4 
in addition to treatments, 1, 11, and 16, evaluated 
on Day Four. 
• A 15 minute break for discussion occurred between 
sets. 
3. Right anchor for chewiness was changed from "very 
chewy" to "chewy", because panelists said they would 
never be exposed to a very chewy biscuit considering 
the scope of this study. 
4. Aftertaste was further defined as nonwheat aftertaste. 
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5. Panelists claimed that perception of cohesiveness, 
moistness, and chewiness, occurred not in the order 
listed on the score card, but simultaneously. 
Day Six 
1. Cohesiveness, moistness, and chewiness were offset 
together on the score card with the understanding that 
each panelist could evaluate these attributes in the 
orders/he perceived them. 
2. Panelists evaluated two sets of four biscuits 
• Both sets contained the four treatments evaluated on 
Day Five, i.e. treatments 1, 4, 11, and 16. 
• A 15 minute break for discussion occurred between 
sets. 
3. Panelists had no further suggestions for improving the 
tasting, scoring, and cleansing procedures. 
4. No changes to score card and definitions were made 
either. 
5. Analysis of variance for each panelist each attribute 
was performed. 
• Set two from Day Five and sets one and two from Day 
Six were analyzed. 
• All six panelists found significant differences for 
wheat flavor and interior color. 
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• Four panelists found significant differences for 
chewiness. 
• Two panelists found significant differences for 
hardness and aftertaste. 
• No significant differences were found for moistness 
and cohesiveness by any panelists. 
Day Seven 
1. Panelists were told this panel would be conducted as a 
real panel, not a training session. 
• A panelist was allowed to attend any time between 
12:00 and 1:15 to perform his/her evaluation. 
• Evaluation took approximately 15 minutes. 
• No discussion followed evaluation. 
2. Panelists evaluated treatments 1, 4, 11, and 16. 
3. Purpose of this session was to: 
• acquaint panelists with what a true panel would be 
like logistically, 
• allow each panelist additional practice on his/her 
technique, 
• give the experimenter a chance to coordinate 
instrumental testing with sensory testing. 
4. Data were not counted as part of this study. 
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APPENDIX H 
SCORE CARD DIRECTIONS 
TASTING PROCEDURE 
1. Note the time of evaluation. 
2. Evaluate the biscuit for hardness as follows: 
A. set the biscuit on a flat surface, 
B. uniformly press the center of the biscuit with the 
index finger extended and the finger parallel to 
the biscuit. 
3. Take a bite from the intact biscuit to evaluate 
textural parameters and flavor. 
4. Examine interior of remaining biscuit for color. 
5. Do not re-taste any sample. 
6. Be sure size of bite is uniform. 
SCORING 
1. Please evaluate the biscuits for the attributes on the 
scales provided. Place a vertical line through the 
scale at the point that reflects your perception of 
each attribute. Consider relation of sample to verbal 
anchors at end of scales. 
2. Please evaluate biscuit samples in the order that 
scorecards are presented to you. 
3. After evaluating a sample, place scorecard in envelope 
and re-close sample container. Use one scorecard per 
sample and completely evaluate all attributes for each 
sample before proceeding to the next. Do not compare 
samples. 
4. Written comments are always useful and appreciated. 
CLEANSING 
Before tasting the first sample and between all samples, 
cleanse the palate. This procedure should take at least 
1 min. 
1. Rinse the mouth with water. 
2. Fully masticate a slice of raw carrot. 
3. Rinse the mouth with water. 
DEFINITIONS 
Hardness--force required to compress sample. 
Cohesiveness--strength of internal bonds. 
Chewiness--length of time required to masticate sample. 





SAMPLE SCORE CARD 



















N~me _____________ Code _______ _ 











Table A-1-Schedule for preparation and testing of four 
biscuit treatments 










































aPanel was held from 12:00 to 1:30 pm. 
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Table A-2-Analysis of variance for specific volume and 
percentage moisture of biscuits prepared with four levels 
of wheat bran (W) and polydextrose ( p) 
Mean squares 
Source of 
variation df Specific volume Moisture 
Total 47 
Block 11 0.005,'' 0.762 
p 3 0. 022*m'' 0.905 
p 1 0 . 0 4 3 ,'rln'c 0.010 
p2 1 0.0141' 2.293 
p3 1 0.007 0.410 
w 3 0.029*** 0.392 




w3 1 0.000 1.156 
p X w 9 0.003 0.081 
p X W 1 0.014)" 0.081 
p X W2 1 0.000 0.036 
p X W3 1 0.000 0.420 
p2 X W 1 0.001 0.190 
p2 X W2 1 0.003 0.794 
p2 X W3 1 0.000 0.002 
p3 X W 1 0.003 0.010 
p3 X W2 1 0.002 0.372 
p3 X W3 1 0.001 0.043 
Error 21 0.002 0.558 
* p<0.05 ** p<0.01 *** p<0.001 **** p<0.0001 
Table A-3~Analysis of variance for' primary textural parameters of biscuits 
prepared with four levels of wheat bran (W) and polydextrose (P) 
Mean squares 
Source of 
variation df Hardness Cohesiveness Springiness 
Total 47 
Block 1 5.002* 0.0001 o. 052* 
p 3 13.959 o. oon* 0.047 
p 1 39.875*** 0.0034** 0.113* 
p2 1 1.372 0.0000 0.005 
pl 1 0.630 0.0004 0.023 
w 3 101.212**** 0.0001 0.046 
w 1 296.571**** 0.0002 0.000 
w2 1 24.354*** 0.0000 0 .136** 
wl 1 o. 711 0.0000 0.002 
p X W 9 2.537 0.0002 0.011 
p X W 1 1.317 0.0000 0.000 
p X W2 1 3.494 0. 0011 0.025 
p X W3 1 0.952 0.0001 0.019 
p2 X W 1 7.071 0.0002 0.008 
p2 X W2 1 0.166 0.0001 0.004 
p2 X W3 1 0.118 0.0000 0.002 
pl X W 1 0.604 0.0001 0.000 
pl X W2 1 2.443 0.0004 0.000 
pl X Wl 1 6.663 0.0000 0.018 
Error 21 2.157 0.0003 0.017 
*p<O. 05 **p<O. 01 ***p<0.001 ****p<0.0001 
\ 
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Table A-4~Analysis of variance for secondary textural parameters of biscuits 
prepared with four levels of wheat bran (W) and polydextrose (P) 
Mean squares 
Source of 
variation df Gwnminess Chewiness Fracturability 
Total 47 
Block 1 0.05 10.00* 0.366 
p 3 0.05 1. 53 0.847* 
p 1 o.oo 0.67 0.228 
p2 1 0.00 0.26 0.621 
pl 1 0.06 3.66 1. 693** 
w 3 0.05,tdrti 117.60**** 4.648***1c 
w 1 12.60**** 314. 84**** 13. 7 5 7ir1cti 
w2 1 0.86* 36. 93** 0.182 
wl 1 0.04 1.03 0.005 
PX W 9 0.01 3.64 0.665 
p X W 1 0.02 0.46 0.153 
p X W2 1 0.08 0.63 0.059 
p X Wl 1 0.01 0.89 0.264 
pZ X W 1 0.04 1.94 0.065 
pZ X W2 1 0.08 3.46 0.081 
pZ X Wl 1 0.04 1.34 0.609 
pl X W 1 0.01 1.34 0.061 
pl X W2 1 0.69* 18. 22* 3.120*** 
pl X W3 1 0.28 4.45 1. 570* 
Error 21 0.02 3.55 0.211 
*p<O. OS **p<O. 01 ***p<0.001 ****p<0.0001 
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Table A-S~Analysis of variance for interior color• of biscuits prepared with four 
levels of wheat bran (W) and polydextrose (P) 
Mean squares 
Source of 
variation df L a b 
Total 47 
Block 1 2.370 0 .126* 0.284** 
p 3 4.668 0.405*** 0. 914*** 
p 1 11. 867** 0.955**** 2.262**** 
p2 1 1. 361 0. 260* 0.172 
pl 1 0.777 0.000 0.007 
w 3 744.450**** 50.011**** 96.369**** 
w 1 2127.952**** 139.432**** 232.686**** 
w2 1 101.531**** 9.557**** 53.626**** 
wl 1 3.867 1. 062**** 2.796**** 
PX W 9 0.402 0.042 0.062 
p X W 1 0.073 0.127 0.017 
p X W2 1 0.582 0.012 0.060 
p X W3 1 0.481 0.018 0.022 
p2 X W 1 0.349 0.010 0.061 
p2 X W2 1 0.158 0.079 0.080 
p2 X W3 1 0.007 0.009 0.002 
pl X W 1 0.090 0.026 0.250 
pl X W2 1 1.875 0.000 0.044 
pl X W3 1 0.002 0.000 0.017 
Error 21 1.054 0.042 0.075 
*p<O. 05 **p<0.01 ***p<0.001 ****p<0.0001 
4 L=100 (white), L=O (black); +a=red, -a=green; +b=yellow, -b=blue. 
Table A-6~Analysis of variance for sensory scores of biscuits prepared with four levels of wheat bran 
(W) and polydextrose (P) 
Mean squares 
Source of 
variation df Hardness Cohesiveness Moistness Chewiness 
Total 47 
Block 1 132.72 280.92** 160.00 75.06 
p 3 54.44 148.09 309.09 68.74 
p 1 30.48 0.02 733.16* 1.88 
pZ 1 113 .12 420. so* 35. 77 182.09 
pl 1 19.72 23. 77 158.34 22.25 
w 3 412.27 1a22.15**** 3053.54**** 1137. 33**** 
w 1 43.58 5064.38**** 8746.00**** 3244.SO**** 
wz 1 1106. 46 25.38 81.28 159.76 
...... 
wl 1 86.78 376. 69* 322.54 7. 72 0 w 
PX W 9 227.83 154.67 123.83 85.54 
p X W 1 12.23 0.17 144.90 218.33 
p X W2 1 306.12 26.44 32.08 41.28 
p X Wl 1 147.08 186.94 214.30 85.70 
P2 X W 1 121.66 112. 41 51.13 6.24 
p2 X wz 1 1. 71 6.26 280.78 61.96 
pZ X Wl 1 235.04 135.77 331.60 65.29 
P3 X W 1 0.07 no .1a** 19.74 117.92 
pl X wz 1 1220.12 92.29 30.44 7.28 
pl X Wl 1 6.45 121.53 9.50 165.80 
Error 21 282.73 78.47 137.94 78.35 
*p<0.05 **p<O. 01 ***p<0.001 ****p<0.0001 
104 
Table A-7~Analysis of variance for sensory scores of biscuits prepared with four 
levels of wheat bran (W) and polydextrose (P) 
Mean squares 
Source of 
variation df Wheat flavor Aftertaste Interior color 
Total 47 
Block 1 74.33 148 .16* 51. 81 * 
p 3 41. 46 76.26 50.02 
p 1 113. 01 183.90 130. so* 
p2 1 3.69 1.08 4.25 
p3 1 7.68 43.82 15.01 
w 3 15528.28**** 244. 09* 17952.78**** 
w 1 44521.14**** 602.56** 51176 .14**** 
wz 1 2054.94**** 73.51 2619.07"'*** 
w3 1 8.76 56.21 63.13 
PX W 9 24.36 27.77 22.39 
p X W 1 1.13 147.28 1.13 
p X W2 1 0.64 17.87 77.54 
p X Wl 1 36.76 0.50 0.63 
p2 X W 1 25.40 0.12 3.03 
p2 X W2 1 5.19 1.22 22.74 
p2 X Wl 1 0.15 3.58 13.04 
pl X W 1 12.39 2.57 22.78 
pl X W2 1 18. 77 75.08 21. 39 
pl X W3 1 118. 78 1.69 39.26 
Error 21 49.03 52.84 20.92 
*p<O. 05 **p<O. 01 ***p<0.001 ****p<0.0001 
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Table A-8~Least-squares means and standard errors for 
specific volume and percentage moisture of biscuits prepared 
with four levels of wheat bran when all levels of polydextrose 
were pooled 
Wheat bran Specific volume Moisture 
(%) ( cm3 / g) ( % ) 
0 2.26 ± 0.02 21.65 ± 0.25 
14 2.26 ± 0.02 21.96 ± 0.25 
28 2.21 ± 0.02 21.43 ± 0.25 
42 2.13 ± 0.02 21.75 ± 0.25 
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Table A-9~Least-squares means and standard errors for 
specific volume and percentage moisture of biscuits prepared 
with four levels of polydextrose when all levels of wheat bran 
were pooled 
Polydextrose Specific volume Moisture 
( % ) ( cm3 /g) ( % ) 
0 2.19 ± 0.02 21.35 ± 0.25 
20 2.16 ± 0.02 22.11 ± 0.25 
40 2.23 ± 0.02 21. 82 ± 0.25 
60 2.28 ± 0.02 21. 50 ± 0.25 
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Table A-lO~Least-squares means and standard errors for 
specific volume and percentage moisture of biscuits prepared 
with four levels of polydextrose ( p) and wheat bran (W) 
p w Specific volume Moisture 
( % ) ( % ) ( cm3 /g) ( % ) 
0 0 2.26 ± 0.03 21.62 ± 0.49 
20 0 2.23 ± 0.03 21.95 ± 0.49 
40 0 2.24 ± 0.03 21.76 ± 0.49 
60 0 2.30 ± 0.03 21.26 ± 0.49 
0 14 2.25 ± 0.03 21.23 ± 0.49 
20 14 2.20 ± 0.03 22.67 ± 0.49 
40 14 2.26 ± 0.03 22.11 ± 0.49 
60 14 2.32 ± 0.03 21.84 ± 0.49 
0 28 2.19 ± 0.03 21.02 ± 0.49 
20 28 2.12 ± 0.03 22.05 ± 0.49 
40 28 2.24 ± 0.03 21.61 ± 0.49 
60 28 2.29 ± 0.03 21.04 ± 0.49 
0 42 2.06 ± 0.03 21.54 ± 0.49 
20 42 2.08 ± 0.03 21.76 ± 0.49 
40 42 2.17 ± 0.03 21.80 ± 0.49 
60 42 2.20 ± 0.03 21.88 ± 0.49 
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Table A-ll~Least-squares means and standard errors for 
primary textural parameters of biscuits prepared with four 
levels of wheat bran when all levels of polydextrose were 
pooled 
Wheat bran 







18.66 ± 0.50 
19.91 ± 0.50 
22.23 ± 0.50 
27.00 ± 0.50 
Cohesiveness 
0.186 ± 0.006 
0.191 ± 0.006 
0.192 ± 0.006 
0.192 ± 0.006 
Springiness 
(mm) 
4.95 ± 0.04 
4.81 ± 0.04 
4.84 ± 0.04 
4.95 ± 0.04 
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Table A-12~Least-squares means and standard errors for 
primary textural parameters of biscuits prepared with four 
levels of polydextrose when all levels of wheat bran were 
pooled 
Polydextrose Hardness Springiness 
(%) (kg) Cohesiveness (mm) 
0 23.17 ± 0.50 0.179 ± 0.006 4.81 ± 0.00 
20 22.84 ± 0.50 0.180 ± 0.006 4.84 ± 0.00 
40 21. 46 ± 0.50 0.198 ± 0.006 4.97 ± 0.00 
60 20.30 ± 0.50 0.204 ± 0.006 4.94 ± 0.00 
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Table A-13~Least-squares means and standard errors for 
primary textural parameters of biscuits prepared with four 
levels of polydextrose ( p) and wheat bran (W) 
p w Hardness Springiness 
( % ) ( % ) (kg) Cohesiveness (mm) 
0 0 19.11 ± 0.96 0.188 ± 0.011 4.80 ± 0.08 
20 0 18.94 ± 0.96 0.170 ± 0.011 4.95 ± 0.08 
40 0 19.70 ± 0.96 0.189 ± 0.011 4.99 ± 0.08 
60 0 16.90 ± 0.96 0.197 ± 0.011 5.07 ± 0.08 
0 14 20.92 ± 0.96 0.168 ± 0.011 4.79 ± 0.08 
20 14 22.23 ± 0.96 0.186 ± 0.011 4.80 ± 0.08 
40 14 18.60 ± 0.96 0.198 ± 0.011 4.91 ± 0.08 
60 14 17.87 ± 0.96 0.213 ± 0.011 4.76 ± 0.08 
0 28 23.97 ± 0.96 0.174 ± 0.011 4.73 ± 0.08 
20 28 22.68 ± 0.96 0.184 ± 0.011 4.80 ± 0.08 
40 28 21.88 ± 0.96 0.201 ± 0.011 4.89 ± 0.08 
60 28 20.40 ± 0.96 0.209 ± 0.011 4.92 ± 0.08 
0 42 28.66 ± 0.96 0.186 ± 0.011 4.91 ± 0.08 
20 42 27.50 ± 0.96 0.180 ± 0.011 4.81 ± 0.08 
40 42 25.67 ± 0.96 0.207 ± 0.011 5.07 ± 0.08 
60 42 26.03 ± 0.96 0.196 ± 0.011 5.03 ± 0.08 
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Table means and standard errors for A-14~Least-squares 
secondary textural parametersa of biscuits prepared with four 
levels of wheat bran when all levels of polydextrose were 
pooled 
Wheat bran Gumminess Chewiness Fracturability 
( % ) (kg) (kg-nun) (kg) 
0 3.48 ± 0.13 17.2 ± 0.6 1. 73 ± 0.16 
14 3.78 ± 0.13 18.2 ± 0.6 0.97 ± 0.16 
28 4.23 ± 0.13 20.5 ± 0.6 0.41 ± 0.16 
42 5.19 ± 0.13 25.8 ± 0.6 o. ooh± 0.16 
aGumminess = hardness x cohesiveness; 
chewiness= hardness x cohesiveness x springiness. 
bLeast-squares mean fell outside parameter space; therefore, 
zero reported. 
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Table A-15~Least-squares means and standard errors for 
secondary textural parametersa of biscuits prepared with four 
levels of polydextrose when all levels of wheat bran were 
pooled 
Polydextrose 







4.19 ± 0.13 
4.13 ± 0.13 
4.23 ± 0.13 
4.12 ± 0.13 
Chewiness 
(kg-mm) 
20.3 ± 0.6 
20.0 ± 0.6 
21.0 ± 0.6 
20.4 ± 0.6 
aGumminess = hardness x cohesiveness; 
Fracturability 
(kg) 
0.89 ± 0.16 
0.63 ± 0.16 
1.18 ± 0.16 
0.41 ± 0.16 
chewiness= hardness x cohesiveness x springiness. 
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Table A-16~Least-squares means and standard errors for 
secondary textural parametersa of biscuits prepared with four 
levels of polydextrose ( p) and wheat bran (W) 
p w Gumminess Chewiness Fracturability 
( % ) ( % ) (kg) (kg-mm) (kg) 
0 0 3.64 ± 0.26 17.6 ± 1. 2 1.43 ± 0.30 
20 0 3.21 ± 0.26 15.8 ± 1. 2 2.34 ± 0.30 
40 0 3.70 ± 0.26 18.5 ± 1. 2 1.73 ± 0.30 
60 0 3.35 ± 0.26 17.0 ± 1. 2 1.41 ± 0.30 
0 14 3.55 ± 0.26 17.0 ± 1. 2 1.66 ± 0.30 
20 14 4.14 ± 0.26 20.0 ± 1. 2 0.06 ± 0.30 
40 14 3.62 ± 0.26 17.8 ± 1.2 1.83 ± 0.30 
60 14 3.99 ± 0.26 18.0 ± 1.2 0.32 ± 0.30 
0 28 4.18 ± 0.26 20.0 ± 1.2 0.25 ± 0.30 
20 28 4.19 ± 0.26 20.2 ± 1.2 0.28 ± 0.30 
40 28 4.34 ± 0.26 21.2 ± 1.2 0.96 ± 0.30 
60 28 4.24 ± 0.26 20.9 ± 1. 2 0.17 ± 0.30 
0 42 5.40 ± 0.26 26.7 ± 1.2 0.03 ± 0.30 
20 42 4.98 ± 0.26 24.1 ± 1.2 o. oob± 0.30 
40 42 5.29 ± 0.26 26.7 ± 1.2 0.20 ± 0.30 
60 42 5.10 ± 0.26 25.7 ± 1.2 o. oob± 0.30 
aGumminess = hardness x cohesiveness; 
chewiness= hardness x cohesiveness x springiness. 
bLeast-squares mean fell outside parameter space; therefore, 
zero reported. 
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Table A-17~Least-squares means and standard errors for 
interior colora of biscuits prepared with four levels of wheat 
bran when all levels of polydextrose were pooled 
Wheat bran 






69.38 ± 0.35 
57.90 ± 0.35 
51.54 ± 0.35 
47.19 ± 0.35 
a 
0.00 ± 0.07 
3.03 ± 0.07 
4.40 ± 0.07 
5.50 ± 0.07 
b 
20.69 ± 0.09 
15.16 ± 0.09 
13.54 ± 0.09 
13.19 ± 0.08 
aL=lOO (white), L=O (black); +a=red, -a=green; +b=yellow, 
-b=blue. 
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Table A-18~Least-squares means and standard errors for 
interior colora of biscuits prepared with four levels of 
polydextrose when all levels of wheat bran were pooled 
Polydextrose 
( % ) L a b 
0 57.18 ± 0.35 3.03 ± 0.07 15.35 ± 0.09 
20 56.77 ± 0.35 3.01 ± 0.07 15.47 ± 0.09 
40 56.64 ± 0.35 3.15 ± 0.07 15.67 ± 0.09 
60 55.41 ± 0.35 3.49 ± 0.07 16.08 ± 0.08 
aL=lOO (white), L=O (black); +a=red, -a=green; +b=yellow, 
-b=blue. 
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Table A-19---Least-squares means and standard errors for 
interior colora of biscuits prepared with four levels of 
polydextrose ( p) and wheat bran (W) 
p w 
( % ) (%) L a b 
0 0 70.09 ± 0.67 -0.61 ± 0.13 20.40 ± 0.18 
20 0 69.65 ± 0.67 -0.50 ± 0.13 20.58 ± 0.18 
40 0 69.84 ± 0.67 -0.13 ± 0.13 20.61 ± 0.18 
60 0 67.94 ± 0.67 0.21 ± 0.13 21.16 ± 0.18 
0 14 58.12 ± 0.67 3.02 ± 0.13 14.78 ± 0.18 
20 14 58.34 ± 0.67 2.80 ± 0.13 15.03 ± 0.18 
40 14 57.84 ± 0.67 2.92 ± 0.13 15.04 ± 0.18 
60 14 57.31 ± 0.67 3.36 ± 0.13 15.78 ± 0.18 
0 28 52.31 ± 0.67 4.37 ± 0.13 13.30 ± 0.18 
20 28 51.97 ± 0.67 4.26 ± 0.13 13.30 ± 0.18 
40 28 51.33 ± 0.67 4.33 ± 0.13 13.58 ± 0.18 
60 28 50.55 ± 0.67 4.67 ± 0.13 14.98 ± 0.18 
0 42 48.21 ± 0.67 5.33 ± 0.13 12.92 ± 0.18 
20 42 47.13 ± 0.67 5.47 ± 0.13 12.97 ± 0.18 
40 42 47.58 ± 0.67 5.49 ± 0.13 13.45 ± 0.18 
60 42 45.84 ± 0.67 5.74 ± 0.13 13.41 ± 0.18 
aL=lOO (white), L=O (black); +a=red, -a=green; +b=yellow, 
-b=blue. 
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Table A-20~Least-squares means and standard errors for sensory scores4 of 
biscuits prepared with four levels of wheat bran when all levels of 
polydextrose were pooled 
Wheat bran 
(%) Hardness Cohesiveness Moistness Chewiness 
0 104.2 ± 5.7 64.0 ± 3.0 69.7 ± 4.0 73.8 ± 3.0 
14 88.4 ± 5.7 67.4 ± 3.0 63.9 ± 4.0 79.2 ± 3.0 
28 91.8 ± 5.7 87.8 ± 3.0 40.4 ± 4.0 86.9 ± 3.0 
42 99.6 ± 5.7 94.7 ± 3.0 28.3 ± 4.0 101.3 ± 3.0 
4 Hardness (l=soft, lSO=hard), cohesiveness (l=slightly crumbly, lSO=crumbly), 
moistness (l=slightly moist, 150=moist), chewiness (l=slightly chewy, 
lSO=chewy). 
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Table A-2l~Least-squares means and standard errors for sensory scores• 
of biscuits prepared with four levels of polydextrose when all levels 
of wheat bran were pooled 
Polydextrose 
( % ) Hardness Cohesiveness Moistness Chewiness 
0 93.2 ± 5.7 74.5 ± 3.0 44.2 ± 4.0 88.4 ± 3.0 
20 96.4 ± 5.7 83.3 ± 3.0 50.4 ± 4.0 81.9 ± 3.0 
40 99.4 ± 5.7 81.0 ± 3.0 48.7 ± 4.0 83.9 ± 3.0 
60 95.1 ± 5.7 75.2 ± 3.0 59.0 ± 4.0 87.0 ± 3.0 
4 Hardness (l=soft, 150=hard), cohesiveness (l=slightly crumbly, lSO=crumbly), 
moistness (l=slightly moist, 150=moist), chewiness (l=slightly chewy, 
15 O=chewy) • 
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Table A-22~Least-squares means and standard errors for sensory scores8 of 
biscuits prepared with four levels of polydextrose (P) and wheat bran (W) 
p w 
(%) (%) Hardness Cohesiveness Moistness Chewiness 
0 0 94.6 ± 11. 0 56.8 ± 5.8 56.9 ± 7.7 79.3 ± 5.8 
20 0 113 .1 ± 11. 0 73.0 ± 5.8 73.6 ± 7.7 71.2 ± 5.8 
40 0 103.0 ± 11.0 63.7 ± 5.8 73.6 ± 7.7 72.9 ± 5.8 
60 0 106.2 ± 11.0 62.7 ± 5.8 74.8 ± 7.7 71.8 ± 5.8 
0 14 89.6 ± 11.0 62.1 ± 5.8 56.0 ± 7.7 83.8 ± 5.8 
20 14 87.9 ± 11.0 85.2 ± 5.8 57.9 ± 7.7 70.5 ± 5.8 
40 14 102.1 ± 11.0 64.4 ± 5.8 55.9 ± 7.7 83.2 ± 5.8 
60 14 74.2 ± 11. 0 57.7 ± 5.8 85.7 ± 7.7 79.4 ± 5.8 
0 28 93.9 ± 11.0 83.5 ± 5.8 38.2 ± 7.7 94.4 ± 5.8 
20 28 81.3 ± 11.0 85.6 ± 5.8 42.3 ± 7.7 85.6 ± 5.8 
40 28 97.6 ± 11.0 93.1 ± 5.8 37.9 ± 7.7 77 .4 ± 5.8 
60 28 94.5 ± 11.0 89.1 ± 5.8 43.5 ± 7.7 90.3 ± 5.8 
0 42 94.6 ± 11.0 95.6 ± 5.8 25.8 ± 7.7 96.1 ± 5.8 
20 42 103.4 ± 11. 0 89.4 ± 5.8 27.6 ± 7.7 100.3 ± 5.8 
40 42 94.9 ± 11.0 102.6 ± 5.8 27.4 ± 7.7 102.2 ± 5.8 
60 42 105.4 ± 11.0 91.3 ± 5.8 32.2 ± 7.7 106.4 ± 5.8 
8 Hardness (l=soft, 150=hard), cohesiveness (l=slightlycrumbly, 150=crumbly), 
moistness (!=slightly moist, 150=moist), chewiness (l=slightly chewy, 
lSO=chewy). 
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Table A-23~Least-squares means and standard errors for 
sensory scoresa of biscuits prepared with four levels of wheat 
bran when all levels of polydextrose w~re pooled 
Wheat bran 
(%) Wheat flavor Aftertaste Interior color 
0 20.5 ± 2.4 20.5 ± 2.5 17.8 ± 1.5 
14 70.8 ± 2.4 18.9 ± 2.5 74.2 ± 1.5 
28 102.8 ± 2.4 26.4 ± 2.5 106.2 ± 1. 5 
42 121.1 ± 2.4 30.9 ± 2.5 126.4 ± 1.5 
awheat flavor (!=mild, lSO=strong), aftertaste (!=slight, 
lSO=intense), interior color (!=light, lSO=dark). 
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Table A-24~Least-squares means and standard errors for 
sensory scoresa of biscuits prepared with four levels of 
polydextrose when all levels of wheat bran were pooled 
Polydextrose 






76.2 ± 2.4 
77.6 ± 2.4 
80.6 ± 2.4 
80.8 ± 2.4 
Aftertaste Interior color 
27.7 ± 2.5 
23.8 ± 2.5 
24.8 ± 2.5 
20.2 ± 2.5 
78.4 ± 1.5 
79.7 ± 1.5 
83.3 ± 1.5 
83.2 ± 1.5 
awheat flavor (l=mild, 150=strong), aftertaste (l=slight, 
150=intense), interior color (l=light, 150=dark). 
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Table A-25---Least-squares means and standard errors for 
sensory scoresa of biscuits prepared with four levels of 
polydextrose ( p) and wheat bran (W) 
p w 
( % ) ( % ) Wheat flavor Aftertaste Interior Color 
0 0 16.8 ± 4.6 21. 4 ± 4.8 11. 4 ± 3.0 
20 0 21.8 ± 4.6 21. 2 ± 4.8 19.8 ± 3.0 
40 0 18.7 ± 4.6 19.6 ± 4.8 18.5 ± 3.0 
60 0 24.8 ± 4.6 19.6 ± 4.8 21. 5 ± 3.0 
0 14 72.1 ± 4.6 19.9 ± 4.8 73.6 ± 3.0 
20 14 65.9 ± 4.6 17.4 ± 4.8 71.2 ± 3.0 
40 14 75.0 ± 4.6 22.3 ± 4.8 78.3 ± 3.0 
60 14 70.4 ± 4.6 16.2 ± 4.8 73.6 ± 3.0 
0 28 97.4 ± 4.6 31. 2 ± 4.8 106.6 ± 3.0 
20 28 102.9 ± 4.6 23.6 ± 4.8 104.0 ± 3.0 
40 28 103.4 ± 4.6 28.9 ± 4.8 105.7 ± 3.0 
60 28 107.6 ± 4.6 21.8 ± 4.8 108.4 ± 3.0 
0 42 118.4 ± 4.6 38.4 ± 4.8 122.0 ± 3.0 
20 42 120.0 ± 4.6 33.3 ± 4.8 123.6 ± 3.0 
40 42 125.6 ± 4.6 28.5 ± 4.8 130.8 ± 3.0 
60 42 120.4 ± 4.6 23.4 ± 4.8 129.1 ± 3.0 
8wheat flavor (l=mild, 150=strong), aftertaste (l=slight, 
150=intense), interior color (l=light, 150=dark). 
